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C-
^ The present study contains a detai led observation on the morphology 
of the Indian arrayworm, Spodopt^ra maarltia Boisduval which is a serious 
pest of paddy in India. It has been done on tagmatal bas i s . Some sutures 
of the head capsule are ob l i te ra ted , with the resu l t that the areas generally 
defined by them have lost t he i r separate e n t i t i e s . Attempt has been made 
to dist inguish the clypeus from the frons on the basis of the origin of 
muscles on thera. The appendages of the cranium and the i r r e l a t ive asso-
c ia t ions with the l a t t e r have been described with due emphasis on the i r 
functions. The sucking pump is shown to be a composite s t ructure formed 
by the merger of cibariura with a portion of the pharynx. A few conclusive 
experiments have been carried out on the mechanism of uncoiling and coil ing 
of the proboscis. Sensory s t ructures have been shown to occur on the 
l ab ia l palp, as well a s , on the proboscis. 
A comparative study of the skeleto-muscular mechanism of the thorax 
has been done. All the three in te r t e rga l plates have moved backwards to 
develop sc l e ro t i c contiguity with the following te rga . However, the raeta-
postnotum ( th i rd thoracic phragmanotum) besides i t s contiguity with the 
f i r s t abdominal tergum is also shown to have almost complete sc le ro t i c 
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continuity with the metanotum which is a clear deviation from the generally 
accepted view that intersegmental plates normally join e i ther with the 
preceding or the following te rga . The metapostnotum is highly modified and 
a t t a in s a peculiar shape, so far unrecorded in Lepidoptera. The metaepiraera 
a re modified considerably due to the presence of tympanal organs. Several 
new muscles have been added to the thoracic myology with ten ta t ive functions 
assigned to them. 
The abdomen consists of ten segments. For convenience sake, i t has 
been divided into pre-geni ta l , geni ta l and post -geni ta l regions. The pre-
genital region consists of the f i r s t eight segments while the genital region 
includes only the ninth segment. In male the post-geni tal region is repre-
sented by the tenth segment. In case of female, the post-geni tal region is 
merged with the genital region to form a pseudo-ovipositor. Greater emphasis 
has been laid on the external gen i t a l i a . A new approach is proposed for the 
study of the external male geni ta l ia in Lepidoptera. The external female 
geni ta l ia are highly reduced due to the absence of a typical ovipositor . 
However, the ninth and tenth segments fuse to form a composite s t ruc ture 
which assumes the responsib i l i ty of egg laying. The muscles of the external 
male and female geni ta l ia have been worked out on functional bas i s . A few 
new muscles have been recorded for the f i r s t time in Lepidoptera. 
The in ternal anatomy has been done in considerable d e t a i l s . It is 
supported, as far as possible , with essent ia l his tology. The observations 
on subdivisions of the alimentary canal have been made with special reference 
to the storaodaeal and proctodaeal valves. Peri trophic membrane is absent. 
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Two sets of three roalpighian tubules each are present . The dorsal and 
ventral diaphragms divide the abdominal cavity into the per icard ia l , 
v i scera l and per iv iscera l s inuses . In the mesothorax, the aorta forms an 
accessory p u l s a t i l e organ which ensures proper c i rculat ion of blood. Some 
in teres t ing observations have been made on the s t rac tu re and function of 
the sp i r ac l e s . The tracheal system has been studied in d e t a i l . The 
anatomical study of the reproductive organs has been supported with 
necessary h is to logica l d e t a i l s . The nervous system, besides the brain 
and the suboesophageal ganglion, contains six ganglionic masses; the 
second and sixth ganglia appear to be of compound nature. The storaodaeal 
nervous system is devoid of a d i s t inc t stomachic ganglion. 
The l i fe -h i s tory of the moth has been carr ied out under laboratory 
condit ions. At the same time, in te res t ing f ield observations have been 
made. Some aspects of the adu l t ' s behaviour, v i z . , copulation and ovipo-
s i t ion have been studied. Food selection behaviour of the fully grown 
larva has been recorded. 
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I N T B O D U C T I O N 
The Indian armyworn. Spodpotera mauritia Boisduval. is a very 
serious pest of paddy in India. It was selected for this research project 
for two reasons. First, the agricultural importance of the pest necessiates 
the study of its life-history and behaviour which may be helpful in the 
control of the pest. Secondly, its morphological significance, on account 
of being highly evolved Lepidopterous insect (family Noctuidae), makes the 
study all the more essential. There is absolutely no comprehensive and 
consolidated work available on the morphology of a noctuid moth. Moreover, 
the Order Lepidoptera as a whole has received l i t t l e attention for morpho-
logical studies of monographic nature. This does not mean that the morpho-
logists have totally ignored this group of Insecta. There are some scattered 
works whose importance cannot be denied. Madden (1944) made an attempt to 
study the skeletal mechanism of Protoparce sexta Johan. Ehrlich (1958, 
1960) has made a detailed study of the skeletal system of adult Danaus 
plexippus L.. and Eparqyreus clarus Cramer., respectively. Ehrlich and 
Davidson (1961) have worked out the muscles of Danaus plexippus L. DuPorte 
(1946, 1956, 1965) and Snodgrass (1947, I960) have included Lepidoptera in 
their revolutionary interpretations of the facial area of insect head. 
Schmitt (1938) has given a detailed account of the mechanism of feeding in 
Lepidoptera. Recently, Eastham and Eassa (1955) have revolutionised the 
study of the mechanism of injestion by their new theory based on successful 
experiments on Pieris brassicae L. Vasudeva (1956) has studied the head 
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capsule of PapilJo demoleus L. Srivastava (1957) has also published his 
observations on the head capsule of Papilio demoleus L. It Is unfortunate 
that the two authors working on the head capsule of the same insect differ 
considerably. Zaka-ur-Rab (1961) has tried to clear some of the confusions 
created by the differing views of Vasudeva (1956) and Srivastava (1957). 
Furtherj his work (1964) on the larval head of P.. demoleus Is a useful con-
tribution to the insect morphology. The skeleto-muscular mechanisn of the 
thorax has been thoroughly dealt with by Weber (1924) and Maki (1938) in 
various representatives of the Order Lepidoptera. Niiesch (1953) and Treat 
(1959) have published useful observations on the thorax of Telea polyphemus 
Cr., and Crymodes devastator B.. respectively. Srivastava (1961, 1962) 
has worked out the skeleto-muscular mechanism of thorax of P.. demoleus. The 
external genitalia of adult Lepidoptera have drawn attention of several 
morphologists. Pierce (1909, 1914) has studied the male genitalia of various 
representatives of the family Noctuidae and Georaetridae, respectively.Forbes 
(1939) made useful contribution to the musculature of the male genitalia. 
Hannemann (1954) studidd the skeleto-muscular mechanism of the external male 
and female genitalia of Arqynnis paphia L. Sibatani et-al (1954), Okagaki 
et-al (1955) and Ogata et-al (1957), combiningly, have made useful observa-
tions on the skeletal conditions of the male genitalia of Lepidoptera. 
Saodgrass (1957) has given a revolutionised interpretation of the structure 
and working of the male genitalia in Lepidoptera. Bayer (1965) has thrown 
some light on the skeleto-muscular mechanism of the male genitalia of six 
species of Noctuidae. 
The skeleto~muscular mechanism of adult S,. mauritia. has been studied 
in considerable details. The present writer has tried to make necessary 
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morphological comparisons with other works on Lepidoptera. Besides, 
emphasis has been laid on the analogies and homologies of S.. raauritia. with 
important representatives of Orthopteroid, Hemipteroid and Panorpoid groups, 
as well as, with indespensible works on Hymenoptera. Further, the classical 
works of Duncan (1939), Carbonell (1947), Qadri (1948, 1949), Qadri and 
Aziz (1950). Bonhag (1949), Ferris (1950), Miller (1950), Alam (1951, 1953), 
Snodgrass (1956), Akbar (1957) and Wiillon (1966) have been of considerable 
help. 
Various confusions in the interpretations of the skeletal system 
have been cleared and efforts made to give them sound morphological basis. 
The prevalent theory of Castham and Eassa (1955) on the feeding mechanism 
has been modified on experimental grounds. Several new muscles have been 
added to the myology of Lepidoptera. The origin, insertion and course of 
a nundt)er of already described muscles have been carefully corrected. Further, 
the muscles have been labelled on the basis of their function in relation 
to the structures controlled by them. This system of interpreting muscles 
is copiously adopted by Alam (1951, 1953) and the present writer accepts 
i t as a sound basis for the study of insect morphology which has been 
declared as a 'dynamic science' by Alam (1960). The latter in subsequent 
publications (1966, 1966) has further strengthened his conception of mor-
phology as a 'dynamic science*. 
All the systems of the internal anatomy of the moth have been 
studied. The anatomical details are supported with essential histological 
observations. Several new findings have been made. 
The life-history of the moth has been carried out under controlled 
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conditions (temperature 30°C + l^C; R.H. 80% ± 5%). Side by side, field 
observations on important aspects of i ts l i fe-history have been recorded. 
The behaviour of the moth and of the fully grown larva have been studied 
with special reference to copulation, oviposition and food selection. 
These observations on behaviour might be of some interest to the agricul-
turists but certainly amount to emphasising the need of popularising insect 
behaviour in respect to i t s l i fe-history as init iated earlier by Alam 
(1957, 1958) and extended by Dhillon (1966). 
MATERIAL AND TECHNIQUE 
The adults of Spodoptera mauritia B., were collected with the 
help of light traps and bred in the laboratory. Males and females were 
separately fixed in Picro-chlor-acetic f ixative. Bouin's (alcoholic) 
f ixative and Petrunkewitsch fixative were also tried. Picro-chlor-acetic 
fixative proved to be very satisfactory for anatomical and histological 
studies. 
For the study of skeletal system, the specimens were warmed in 10% 
KOH. Decolorization of the material was done by exposing it to chlorine 
gas liberated by the action of HCl on KgCrgO-. Finally the specimens 
treated with dp gas were rinsed in water to remove traces of the gas and 
stained with acid fuchsin or Carbol-aniline; the latter stain gave 
comparatively better results. For obtaining transparency with muscles 
properly stained, the entire insect body was subjected to Alam's (1952) 
technique as modified by King (1960). This gave excellent results. 
The material for microtomy was fixed in Picro-chlor-acetic fixative. 
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It was later on taken through the usual grades of alcohol, cleared either 
in Cedarwood oil or Terpineol and embedded in Tissuemat (58 - 60 C.). The 
Terpineol proved to be the best clearing agent. It also softened the hard 
tissue for successful section cutting at 5-7 micron. The sections were 
stained with Neidenhain*s iron haemotoxylin and counterstained with Eosin 
using Ferric ammonium sulphate as mordant. The techniques evolved for 
the study of the life-history are given in the chapter dealing with the 
life-history of Spodoptera mauritia B. 
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1. THE HEAD 
(i) External features of the head capsule 
(Figs. 1,2,3 & 4). 
The head capsule of Spodoptera mauritia Boisduval is of hypogna-
thous type. It is subglobular in shape and densely covered with dark 
brown scales. Greater part of the cranial area is occupied by large 
and suboval eyes (E). The two ocelli (0) borne by the vertex are mesal 
to and closely lying near the ocular sutures (os). The antennae are 
confined to the frontoclypeus (FrClp), while the gnathal appendages hang 
from the ventral margin of the cranium. The long proboscis, when not in 
use, remains closely coiled underneath the head, flanked laterally by 
the labial palps (LbPlp). The foramen magnum (For) is fairly wide and 
secondarily divided into upper (For,) and lower <For«) portions by 
incomplete fusion of the tentorial bridge (TB) with the lateral portions 
of its rim. The latter possesses concavity (ArcPoc) for the articulation 
of the cervical sclerite of its side. Below the foramen magnum is the 
spacious oral fossa with gnathal appendages lodged in it. 
(ii) Sutures of the head capsule 
(Figs. 1.2,5,6 & 14) 
The cranium possesses some sutures which form the limits of its 
various sclerotic plates. 
Laterofacial suture (Ifs). The laterofacial suture is fairly 
long and connects the lower rim of the antennal socket (Asoc) with the 
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anterior tentorial pit (at). It runs almost parallel to the oeular 
suture (os), except the two extremities which are bent mesally. The 
suture is internally represented by a very strong ridge (Ifr) whose 
lower end is secondarily fused with the root of the anterior tentorial 
arm (AT). This suture has been differently named by various workers. 
Snodgrass (1935) calls it 'subantennal suture'. Duncan (1939) in Vespula 
pennsylvanica and Carbonell (1959) in Marellia remipe^ Dvarov, also 
take it as 'subantennal suture*. The present writer is in agreement with 
DuPorte (1956) regarding the nomenclature,as well as, the course of this 
suture. In insects where separate entities of the frons and elypeus are 
retained, the laterofacial suture is shown to consists of two parts 
called 'frontogenal' and 'clypeogenal' sutures (DuPorte, I960, 1965). 
These form the limits between the elypeus and frons on one side and the 
gena on the other side. DuPorte £ Bigelow (1952) in hymenoptera have put 
the anterior tentorial pit as land mark between the 'frontogenal* and 
'clypeogenal* sutures, 
Vasudeva (1956) in Papilio demoleus L., has labelled an almost 
identical suture as 'lateral arm of the epistomal suture', further she 
has shown a faint 'median arm of the epistomal suture', connecting the 
two antennal sockets. The present writer is not prepared to accept 
either of her interpretations due to obvious reasons. First, the so 
called median arm of the epistomal suture is nothing but depigmented 
line; secondly, the epistomal suture when present usually connects the 
two anterior tentorial pits across the lower region of the face (Snodgrass, 
(1935, 1960). Lastly, if at all the two antennae are connected by a 
suture, it is normally the 'transfrontal suture* (DuPorte, 1965).Sriv8stava 
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(1957) while working on the sane insect (P,. dewoleas) differs from 
Vasudeva. He has labelled the ' lateral arm'of the so-called epistomal 
suture of Vasudeva (1956) as 'subantennal sulcus' which according to 
him consists of two partsj the f irst part is short and starts from the 
anterior tentorial pit whereas the second part is long and fuses with 
the 'ocular sulcus' to form a composite 'oculo-sabantennal sulcus' , ending 
at the base of the antennal socket. The so-called 'oculo-subantennal 
sulcus' and the 'free' subantennal sulcus' of Srivastava may combiningly 
be compared with 'laterofacial* suture of S. mauritia. Zaka-ur-Rab (1961) 
while working on the sucking pomp of P. demoleus shows 'subantennal 
sulcus' as independent suture which does not merge with the 'ocular 
sulcus ' . This is a clear contradiction of the findings of Srivastava 
in P.. demoleus. Mathur (1965; Ph.D. thesis) has also pointed out differences 
in the findings of Vasudeva (1956) and Srivastava (1957), and has rightly 
suggested these workers" to come to an agreed conclusion after consultation 
and re-examination of P.. demoleus". 
Pestoccipital suture (pos). The postoccipltal suture runs 
submarginal to the dorsal and lateral margins of the foramen magnum (For^). 
The suture is internally represented by a dist inct horse-shoe shaped ridge, 
which forms an important place for the attachment of various neck muscles 
responsible for the movement of the head. The suture ends very close to 
the posterior tentorial pits (pt) having faint continuity with them. Alam 
(1951) in Stenobracon deesae Cam., attributes almost the same course to 
the postoccipital suture whose ends have been shown to be dist inctly 
continuous with the hypostomal suture through the intervention of the 
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posterior tentorial pits . 
Trans-Parietal suture (TrPrtls). The trans-parietal suture 
starts from the top of the ocular suture(os)in close proximity of the 
ocellus (0). The suture ascending over the dorsal area of the head 
on the 
descends obliquely on its posterior surface to end/postoccipital suture 
(pos). It is internally represented by a distinct ridge. The two trans-
1 
parietal sutures divide the extensive parietal area into a centrally 
placed vertex (Vx) and two side plates, the genae (6e). A suture taking 
almost the same course but arising from the antenna 1 socket has been 
labelled as 'postgenal suture' by Madden (1944) in Protoparce sexta J. 
In JP. demoleus. Srivastava (1957) has named it as 'occipito-postgenal 
sulcus', separating the occiput from the postgena. However, it may be 
noted that in these insects the occipital suture is wanting. Naturally, 
the occiput and postgenal area of these two insects cannot claim separate 
entities from the parietals. The suture running across this area,therefore, 
can appropriately be named as trans-parietal suture. 
Vasudeva (1956) in P.. demoleus names a similar suture as 'postegenal 
suture' and considers the postgenal area engulfing the conventional occiput, 
a portion of vertex and the upper portion of the facial sclerite upto the 
antennal socket, a condition not conveniently adjustable in cranial 
morphology. In ^mblvcorypha oblonqifolia DeGeer. Krammer (1944) has 
shown an incomplete 'temporal* suture. Ehrllch (1958) in Danaus plexippus 
L., has recorded a suture, more or less, of the same course as that of 
the trans-parietal suture of S^ . mauritia. and calls it 'parateraporal 
suture'. He describes another suture as 'temporal suture' which runs 
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parallel but mesal to the former. The area enclosed between these two 
sutures is taken by him as 'temporal area'. The course of the 'temporal 
suture' as shown by Ehrlich (1958) appears to be peculiar. If the 
'temporal' and 'parateraporal' sutures of jQ. plexippus as such are accepted, 
then the 'temporal fossa* in that insect automatically occupies an area 
which definitely becomes a portion of the mandibular se^ent of insects 
as shown by Ferris (1942), whereas, Ferris' interpretation logically 
confines the temporal area to the ocular-antenna 1 segment. 
Ocular suture (os ) . The ocular suture surrounds the eye 
externally in the form of a circular groove. The suture is internally 
represented by a weak ridge. It may, however, be noted that a considerably 
broad ocular diaphragm (oph) is secondarily attached to the margin of the 
ridge and serves to strengthen the latter . Zaka-ur-Rab (1961) considers 
the ocular diaphragm (oph) as representing the ocular ridge. The fact 
that the diaphragm can be detached from the margin of the ridge, shows 
that i t is not a part of the ocular ridge. In the region of the ocellus, 
the «^cular suture receives the trans-parietal suture (TrPrtls). In 
P.. sexta (Madden, 1944) the course of the 'ocular suture' is shown to k'e the 
same as adopted by the laterofacial suture (I fs ) of S.mauritia. It seems, 
the ocular suture is actually absent in P. sexta and Madden has confused 
the laterofacial suture with the ocular suture. It is interesting to 
note that Vasudeva (1956) and Srivastava (1957) working on the same species 
have attributed different courses to the 'ocular suture'. T^is is likely 
to complicate rather that clearify the understanding of the ocular suture 
in insects . 
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( i i l ) Areas of the head capsule. 
(Figs . 1,2,3 & 8) 
Frontoclvpeus (FrClp). The central area of the face is 
occupied by a large subquadrangular and protuberant fronto-clypeus s c l e r i t e . 
The l a t t e r is bounded from above by the vertex (Vx) while i t s lower limit 
is formed by the labrum (Lm). Lateral ly the s c l e r i t e is flanked by the 
paired la te rofac ia l sutures ( J f s ) . The frons and clypeus are not differen-
t i a t e d since the frontoclypeal suture separating the two sc l e r i t e s is 
absent . Efforts have been made by Vasudeva (1956) to separate a narrow 
frons from a large clypeus by the so called 'median a m of the epistomal 
s u t u r e ' . The va l id i ty of the l a t t e r as a t rue suture has been ea r l i e r 
regarded as doubtful. Further, Vasudeva hersel f is not sure when she 
describes i t as a "faint l ine" which also has been shown in her drawing 
by dots . Similar transverse l ine connecting the two antenna 1 sockets has 
been considered different ly by Madden (1944), Short (1951), DuPorte (1956, 
1965) and Ehrlich (1958) in t he i r respective in sec t s . DuPorte as well as, 
Ehrlich take i t as ' t r ans f ron ta l s u t u r e ' ; whereas, Short, and Madden cal l 
i t as 'median arm of the epistomal suture ' and the ' f rontal* suture 
respect ive ly . The present wr i t e r regards i t as a mere l ine of depigmenta-
tion with no morphological s ignificance in S. mauri t ia . As such the facial 
area becomes a composite s c l e r i t e and is named as frontoclypeus. This is 
in confirmation with the findings of Snodgrass (1947), Hinton (1948), 
Chiswell (1955) and Zaka-«r-Rab (1964). Srivastava (1957) has gone a 
s tep further to include the labrum with frons and clypeus and ca l l s the 
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composite structure as the 'eplstoma'. This idea, seems to have been 
put forwarded on the basis of the absence of a clypeo-labral suture. 
The absence of an external demarcation between the frons and 
clypeus, results in the loss of their separate identities. Snodgrass 
(1935) suggests that the clypeus normally gives origin to the cibarial 
muscles; whereas the frons serves as an area for the origin of the 
pharyngeal muscles. 'True mouth', which defines the boundary between the 
cibarium and the pharynxs thus becomes quite important. DuPorte (1946) 
emphasises the importance of anterior tentorial pits which according 
to him denotes the position of the true mouth and therefore, he distin-
guishes the frons as the area lying above the anterior tentorial pits 
and the clypeus lying below. Snodgrass (1947), while reaffirming his 
previous view, bases the definite entities of the frons and the clypeus 
on the origin of cibarial and pharyngeal muscles. He, further holds that 
the true mouth always coincides with the position of the frontal ganglion. 
The latter unlike the tentorial pits (DuPorte & Bigelow, 1952) retains 
its position irrespective of any changes in the structure of the head. 
DuPorte while agreeing with Snodgrass (1947) on the position of 
the true mouth in respect to the frontal ganglion, maintains that the 
frontal ganglion and the anterior tentorial pits are approximately at 
the same level. In other words he upholds his previous view in defining 
frons and clypeus with a modification that an imaginary line connecting 
the anterior tentorial pits shall always pass across the frontal ganglion. 
The present writer refrains from supporting DuPorte in considering 
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the anterior tentorial pits as stable border between the frons and the 
clypeus. In other words the anterior tentorial pits cannot be accepted 
as a better basis than the origin of the cibarial and pharyngeal muscles 
in assigning separate entities to the clypeus and the frons. Snodgrass 
(1947, 1960) and Zaka-ur-Rab (1964) have convincingly proved that the 
extra oral 'mouth cavity' (cibarium) lying anterior to the frontal ganglion 
always receives muscles from the clypeus, whereas the stomodaeum (pharyngeal 
region) which is posterior to the frontal ganglion receives muscles from 
the frons. In insects, where the clypeus and frons are separated from 
each other by fronto-clypeal suture the cibarial and pharyngeal muscles 
invariably maintain this arrangement (Akbar, 1957; Dhillon, 1966). 
DuPorte's (1946) contention that the anterior tentorial pits denote the 
position of the true mouth is not without exception. He himself in a 
later work with Bigelow (1952) admits that in some insects the anterior 
tentorial pits do migrate forward so as to lie much ahead of the true 
mouth. The present writer feels that once the anterior tentorial pits 
have been found to migrate forward, these can no more be regarded as 
dependable criterion in demarcating the frons from the clypeus. DuPorte 
(1956, 1965) while reaffirming his previous view maintains that irrespective 
of the distance between the anterior tentorial pits and the true mouth, 
both these structures retain approximately the same level. The present 
writer doubts its validity because in S_, mauritia the true mouth lies 
much above the level of the anterior tentorial pits. 
It is now clear that none of the criteria of DuPorte is without 
exception, therefore, it is not always possible to determine the boundary 
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between the postoral frons and the preoral clypeus on the taasis of anterior 
tentorial pits. If at all we are to accept the latter forming any basis, 
it will have to be with several modifications or even exceptions. This 
will certainly minimise the value which DuPorte has assigned to the 
anterior tentorial pits. 
Further, DuPorte (1965) in his rejoinder to Zaka-ur-Rab (1964) 
argues, that the cranium undergoes considerable structural changes and 
therefore, the muscles may not always retain their origin on the same 
scl^drite. He says "In many insects the frons is very narrow or is greatly 
shortened, or even obliterated as it is in some Coleoptera, (DuPorte, I960), 
one of two things must happen: either the muscle disappears and, perhaps 
a new one develops, or the muscle shifts its origin to the parietal 
region in order to maintain its efficiency. Regions of the head therefore, 
should not be defined solely on the evidence of muscle origin". The 
present writer however, feels that the presence of the muscles rather 
than their absence should be considered important from morphological point 
of view. As such, it has been recorded that in spite of topographic 
changes in the cranium, the preoral cibarial and postoral pharyngeal 
muscles do not shift their origin to some other sclerite. DuPorte (1956; 
Fig. 5; No. 3a) has shown a pair of dorsal dilator muscles of cibarium 
arising from 'frons', and considers this condition as exception to Snod-
grass' (1947) generalization. This argument is apparently based on the 
recognition of the so-called 'transfrontal suture'. The question is, 
should this line of secondary depigmentation be given the morphological 
status of the 'transfrontal suture' ? An almost Identical line in 
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§.• wauritia has been denied the sutural status. 
The cibarial dilators of S. mauritia arise from a large portion 
of the facial area. As such the clypeus is regarded to have ascended 
thereby enlarging itself at the cost of the frons. In P. demoleus. 
Srivastava (1957) has shown a small clypeus and a large frons which is 
a contradiction to this accepting the fact that the distribution of 
muscles forms the basis for separating the frons from the clypeus. Perhaps, 
he would have assigned just the reverse conditions to the clypeus and 
the frons i.e., what has been shown in S^ . mauritia. if he had not ignored 
the importance of frontal ganglion (FrGng). 
Parietals . . The lateral area of the cranium bearing 
the eyes and the ocelli is the parietal region. The parietal is ventrally 
extended upto the lower region of the head due to the absence of distinct 
pleurostoma. It is mesally separated from the facial area by the paired 
laterofacial structures (Ifs). The absence of the occipital suture enables 
the parietals to run over the generalized occiput, thereby, extending 
upto the postoccipital suture (pos). The parietal is subdivided by the 
paired trans-parietal sutures (TrPrtls). These subdivisions are a central 
area known as vertex (Vx) and the two lateral areas known as genae (Ge). 
Vertex (Vx). The vertex constituting the dorsal surface of 
the cranium and containing the two ocelli (0) is anteriorly confluent 
with the frontoclypeus (FrClp) and laterally limited by the distinct trans-
parietal (TrPrtls) sutures. Ehrlich (1958) in D. plexippus shows the 
anterior (ventral) limit of the vertex at the Hransfrontal' suture. 
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This appears to be in contradiction with the very purpose of the 'trans-
frontal suture'. 
Gena (Ge). The lateral areas of the parietal containing 
the eyes (E) contribute to the genae of the cranium. The narrow anterior 
portion of the gena is limited by the laterofacial suture (Ifs). The 
posterior portion of the gena is conspicuously broad. This unusual 
extension of the gena on the posterior surface of the cranium is due to 
the absence of the occipital arch. In P.. demoleus. Srivastava (1957), 
restricts the gena to a small triangular area in the vicinity of the 
anterior tentorial pits. Ehrlich (1958) in D. plexippus. labels the area 
enclosed between the ocular sclerite (OSc) and the laterofacial suture 
as 'paraocular area' which appears as analogous to the anterior portion 
of the gena of S^ . mauritia. He has not given any reason for using the 
term 'paraocular area'. Snodgrass (1956), and Ehrlich (1958), regard the 
major portion of the posterior surface of head as 'occipital area', in 
spite of the fact that the occipital suture is not recorded by them. 
Postocciput (Poc). The well developed postoccipital suture 
(pos) cuts off a narrow subraarginal sclerite known as postocciput (Poc) 
which provide attachment to the cervical membrane. The postocciput 
forms an incomplete ring around the upper half of the foramen magnum 
(Forj). The dorsal portion of the sclerite is broad and looks like a 
flap, hanging obliquely downwards. Therefrom the postocciput descends 
as narrow strip of sclerite. The lower ends of the postocciput form two 
broad protuberances which fail to meet each other. Thus an incomplete 
transverse septum is formed which is responsible for the subdivision of 
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the foramen nagnum into an upper and a lower portion. The upper one 
(Forj) provides passage for the alimentary canal and the heart, while 
the lower (For2) *^  traversed by the salivary duct and the ventral nerve 
cord. 
Each protuberance of the postocciput bears a concavity to provide 
ball and socket like articulation to the cervical sclerite. Such articular 
concavities have been shown by Alam (1951) in S. deesae. Akbar (1957) is 
of the opinion that the postocciput develops a condyle instead of a 
concavity which would mean that the articulation of the cervical sclerite 
with the cranium should be of 'dicondylic type', 
(iv) Tentorium 
(Figs.e&14) 
The tentorium forms the endoskleton of the head capsule. It is 
represented by a pair of well sclerotijied bars extending from the ventro-
lateral ends of the postoccipital ridge to the lower extremities of the 
laterofacial ridges. Each bar is formed by the ingrowth and union of two 
apodemal arras known as anterior (AT) and posterior (PT) tentorial arms. 
The root of the anterior tentorial arm is externally represented by a 
distinct anterior tentorial pit (at) at the lower end of the laterofacial 
suture (Ifs). The posterior tentorial pits (pt) functioning likewise, as 
point of invagination of the posterior tentorial arm (PT) are located 
at the end of the postoccipital suture (pos). The arms extending in 
opposite directions fuse by their apices to form one continuous tentorial 
bar. 
•• 13 "• 
The posterior tentorial arm (PT) after leaving the pit, flattens 
considerably to function as seat of origin for the antennaiextrinsic 
muscles. The ventre-lateral surface however, gives attachment to the 
tentorial adductor muscles of the stipes. The posterior tentorial arm 
in its basal region unites with the counterpart of the other side to form 
a narrow but distinct tentorial bridge (TB). The latter fuses with the 
incomplete transverse septa of the postocciput. 
The anterior tentorial arm (AT) is elongated and somewhat laterally 
compressed. The arms are uniformly broad and diverge laterally to acco-
mmodate the huge sucking pump. In the basal region just above the anterior 
tentorial pit (at), the arm fuses with the broad ridge (Ifr) of the 
laterofacial suture so as to brace the lower edges of the cranial wall. 
The anterior tentorial arm functions as seat of origin for some of the 
stipital adductor muscles. 
(v) Antennae with their muscles 
(Figs. 9, 10. 11, 12 & 13) 
The antennae are lodged in the frontal area of the cranium. The 
long, slender and many jointed antennae are suspended from the antennal 
sockets (Asoc) and can move in all direction. 
The antennal socket is suboval and lies close to the ocular suture 
(os). The antennal suture is wanting and so is the antennal sclerite. 
The lateral portion of the rim of antennal socket is conspicuous and 
fairly thickened. In its middle a knob like antennifer (af) is developed 
to provide articulation to the antennal base. 
- 14 -
The antenna is broadly divided into a basal stalk and a distal 
shaft. 
Basal stalk. The f irst antennal joint is the scape (Sep). 
It is the largest of al l the antennal jo ints . The scape is narrow at the 
two ends whereas, in the middle i t is broadest. The proximal end is 
lodged in the antennal socket to which i t is attached by narrow and 
f lexible 'antacoriura'. The lateral portion of the proximal rim of the 
scape develops a subtriangular shelf - l ike articular process of the scape 
(d j ) . ^he inner surface (dg) of this process is markedly concave to 
provide articulation for the antennlfer. Such 'ball-and-socket' type of 
antennal articulation with antacorium is a confirmation of the findings 
of Mathur (196l) in Otetheisa pulchella L. 
The distal rim of the scape develops a pair of articular knobs 
( ej.Cn ) . These are borne on the anterior and posterior halves of the 
rim. The anterior half of the distal rim is considerably extended to form 
a fairly developed articular knob ( e , ) whereas,the posterior half of the 
rim bears a stumpy articular knob ( e ^ ) . These knobs are of conical shape 
with broad base. The present writer does not find any 'cup-like depression' 
on the apices of the knobs as has been shown by Mathur (1961) in 0. 
pulchella and thus holds that the scape-pedicellar articulation is of 
dicondylic type. 
Distal Shaft. The distal shaft consists of 72-74 joints in 
males and 75-7P in females. The proximal most annulus which is the largest, 
is known as pedicel (Pdc). The latter is broader than long. It is narrow 
at the two ends and swollen in the middle. The anterior and posterior 
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halves of the proximal rim of the pedicel extend out to form a pair of 
knob (f|, f2). Unlike the distal rim of the scape, the knob borne on the 
posterior half Is well develpped (f2). ""^ e knobs in association with the 
articular knobs of the scape provide 'dicondylic* articulation between 
the scape and the pedicel. 
The distal end of the pedicel allows the following annulus to fit 
into it. Each joint is conv^ex proximally and concave distally. Such an 
arrangement gives the idea of on,e joint partly telescoped into the other 
with the result that joints become immovable individually. The lack of 
mobility in the joints is further attributed to the absence of intrinsic 
muscles in them. 
Muscles of the antenna (Fig. 14). The muscles controlling the 
movements of the antenna, consist of both extrinsic and intrinsic types. 
The extrinsic set of muscles consists of five separate muscles inserted 
on the proximal rim of the scape. Similarly, intrinsic set is represented 
by two muscles only. 
First levator of the antgnnaC No. 1), It is a large muscle 
originating from the dorsolateral surface of the corresponding posterior 
tentorial arm and is inserted by a short tendon on the proximal rim of the 
scape just anterior to the articular concavity (d2). It functions as 
strong levator of the antenna and may be compared with the * first tentorio-
antennal muscle' of P.demoleus (Srivastava. 1957). 
Second levator of the antenna ( No. 2 ) . It is also a large 
muscle arising from the dorsal surface of the posterior tentorial arm. 
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mesal to the first levator and is inserted by a long tendon on the anterior 
half of the proximal rim of scape. It is an important levator muscle of 
antenna. This muscle may be compared with the 'outer levator of antenna' 
of P.. demoleus (Vasudeva, 1956). 
First depressor of the antenna (No. 3 ) . This is the largest 
muscle of the antenna and originates from the dorsal surface of the 
posterior tentorial arm mesal and slightly posterior to the first levator. 
It is inserted by a short tendon on the posterior half of the proximal 
rim of scape just posterior to its concavity. The pull on this muscle 
depresses the antenna in a dorso-ventral direction. 
Second depressor of the antenna (No. 4 ) . It is a slender muscle 
arising from the dorsal surface of the posterior tentorial arm close to 
the first depressor muscle. It is attached by a long tendon to the postero-
mesal angle of the proximal rim of the scape and serves as a strong 
depressor of the antenna. TTiis muscle may be compared with 'fourth 
tentorio-antennal muscle' of P.. demoleus (Srivastava, 1957). 
Third depressor of the antenna (No. 5). It is a very slender 
muscle with origin on the dorsal surface of the posterior tentorial arm 
mesal and anterior to the second depressor. The muscle ends by long 
tendon on the posterior half of the proximal rim of the scape. 
Levator of the flaqell^na (No. 6). The levator muscle of the 
flegellura arises by a broad base on the inner surface of the anterior 
(dorsal) wal] of the scape. The fibres of this unpaired muscle are grouped 
into three bundles which converge on a small tendon inserted on the anterior 
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half of the proximal rim of the pedicel very close to the anterior articular 
knob (f^). On contraction this muscle raises the flagellum. 
Depressor of the flaoellum (No. 7). The depressor muscle of 
the flagellum originates on the inner surface of the posterior wall of 
scape. It is inserted on the posterior half of the proximal rim of the 
pedicel close to the posterior articular knob (f2^- ^® muscle is made 
of two incomplete bundles which form a single tendon. The depressor 
muscle lowers the flagellum in dorso-ventral direction. 
(vi) Lflbrum and epipharynx 
(Figs. 1,5,6,7,8 and 14) 
The labrum in S^. meuritia is a narrow sclerite attached to the 
ventral margin of the clypeus along a line of flexion. Just after leaving 
the facial sclerite it curves backwards and then swings forwards. This 
makes basal portion of the labrum concealed underneath the clypeus. The 
remaining portion is exposed and directed forwards. Such form of the 
labrum has not so far been described in Lepidoptera. The present writer 
attributes this modification to the sepecial function which the labrum 
has to perform in such insects. The folds in the labrum act like spring 
and help in forming a tight lid over the otherwise open food canal lying 
below. 
The labrum contains a pair of prominent pilifers (Pf). The latter 
are well sclerotiaed, curved and hollow sac-like structures which are 
covered with thick coat of long hairs. The labrum also bears a central 
- 18 -
conical lobe (LmH ). The pilifers conceal the proboscis in general, while 
the central lobe specially covers the basal portion of the food canal. The 
undersurface of the labrMtn functions as epipharynx (Ephy). The unpaired 
dilator muscle of the food meatus originates on the labrum. 
(vli) Maxillae with their muscles 
(Figs. 3,4,7,14,15,16.18,19, £ 2 0 ) 
The greatly modified paired maxillae flank the labium from sides. 
Lying in the oral fossa, these are in membranous suspension from the ventral 
margin of the posterior surface of the head capsule. Their mesal margins 
are in membranous connection with the lateral margins of the labium. Each 
maxilla consists of cardo, stipes and galea. The lacinia is absent while 
the maxillary palp (MxPlp) is highly reduced and mono-segmented. 
Cardo (Cd.). The cardo is a small, oval sclerotic piece. The 
antero-lateral margin of the cardo has a centrally located socket (ArcCd) 
which receives the articular knob (ArkGe) formed by the corresponding genal 
margin of the cranium. Madden (1944) in P.. sexta. assigns the articular 
process to the sclerotised portion of the labium. The cardines in 
^. maaritia no doubt lie very close to the lateral margins of the labium, 
yet a close study reveals that these have no articulations with the labium. 
Srivastava (1957) in P_. demoleus shows the proximal end of the cardo having 
contact with the 'hypostomal projection' but neither from the description 
nor from the drawings it is clear that the latter provides articulation 
to the cardo. 
Distally the cardo is in continuity with the proximal portion of 
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stipes along a narrow line of flexion (CdStf). Previous workers on 
Lepidoptera (Madden, 1944; Easthara & Eassa, 1955; Ehrlich, 1958; 
Vasudeva, 1956 and Srivastava, 1957), do not record any such hinge line 
between the stipes and the cardo. 
Stipes (St) . The stipes is an incomplete tubular structure. 
Mesally i t is in membranous connection with the labium and laterally in 
membranous suspension from the ventral margin of the cranium. The stipes 
can longitudinally be demarcated into a membranous mesal portion (Stm) 
and a sclerotic lateral one (S t t ) . The lat ter assumes tubular form 
enclosing a space known as s t ip i t a l lumen. Srivastava (1957) has divided 
the sclerotic part of the stipes into three regions, viz . , the flat 
' juxtas t ipes ' , strongly sclerotic tubular 'verastipes' and tapering 
'pa lp i fer ' . These have been separated by ' s t i p i t a l sulcus* and 'groove', 
respectively by him. The so-called s t ip i ta l sulcus has been shown to have 
a ridge which is actually the s t ip i t a l apodeme (StAp) on which the s t ip i ta l 
muscles are inserted. Further, such subdivisions can be supported if these 
help in functional u t i l i ty of the structure. But to base them on sutural 
demarcation would not be easily acceptable to morphologists. The present 
writer, therefore, is not prepared to accept the subdivisions of the stipes. 
In S.. manritia. the tubular part of the stipes is capable of 
rolling i t s outer margin ( lateral margin of stipes) inward into the s t ip i ta l 
lumen (lumSt). I t can take a reverse course to return to i ts normal 
position. Such changeable conditions of the s t ip i t a l lateral margin earn 
i t the status of a valve, which is recently named as ' s t ip i t a l valve ' in 
P. brassicae (Eastham and Eassa, 1955). Thus the longitudinal s t ip i ta l 
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valve (StVJw) of S^ . mauritta can connect the stipital luraen with the cephalic 
lumen through a conspicuous slit. The two lumina can be shut off as well. 
The flow of blood into and from the stipital lumen is controlled by the 
actions of the stipital muscles which are inserted on the stpital apodeme. 
Further, the wall of the stipes possesses a longitudinal line of flexion 
(Sttf). The elasticity so provided to the wall helps in perfect working 
of the stipital valve and also saves the sclerotic portion of the stipes 
from rupture when the adductor muscles undergo contraction. The theory 
on stipital valve recently proposed by Easthara and Eassa (1955) in £. 
brassicae is thus confirmed. So far all workers on the mechanism of feed-
ing in Lepidoptera appear to have paid no attention to Eastham and Eassa's 
theory. It is only very recently that an elaborate attempt has been made 
by Hathur (1965; Ph.D. thesis) towards the justification of the theory. 
The two galeae are drawn out with outer convex and inner concave 
surfaces. The concave surfaces of the elongated galeae run opposed to 
each other and thus together form the long proboscis. Their inner con-
cavities become confluent to form a longitudinal passage enclosed within 
the proboscis. This passage can correctly be named as 'food canal' (fc). 
The basal portion of the food canal is incomplete dorsally where it is 
overhung by the labrum. 
Each galea (6a) encloses a haemocoel limited by its two walls. 
The galeal haemocoel is In communication with the lumen of the tubular 
stipes. The proximal region of the galea (basal part of proboscis) is 
broad but very short and does not take part in the process of coiling. 
It is strongly sclerotized and lacks in surface annulations. It may be 
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differentiated from the distal coflable region along deep latero-dorsally 
oblique cuticular inflection i^). This incleetion serves as an apodeme 
for the insertion of elevator muscles of the galeal base. 
The distal coilable portion of the galea, gradually tapers towards 
the t ip which bears several rows of long sensory setae (oSet). The convex 
outer wall of the galea consists of alternating highly sclerotiaed (exc) 
and feebly selerotized (end) incomplete rings homologous to the exocuticular 
and endocuticular ribs of P.. brassicae. The inner wall of the galea is 
made of mostly exocuticle, and therefore, is more rigid. 
The two galeae are held together through interlocking mechanisms 
called 'dorsal ' and 'ventral* linkage. These interlockings are effective 
due to indentations a l l along the mid-dorsal and mid-ventral longitudinal 
lines of the proboscic. The ventral linkage Is formed by curved and 
toothed hooks which lock into each other from the two sides. Each hook 
is borne on the inner galea wall. These are of exocuticular in nature and 
very hard. Tlie ventral hooks form very firm linkage and are actually 
responsible for holding the two galeae together. 
The dorsal linkage is comparatively less thick than the ventral 
linkage. I t is brought about by a series of overlapping lance-sht^ed 
plates (dpi). These overlap each other like the t i les on a roof from 
the base of the proboscis to the t i p . The dorsal linkage mechanism is 
much loose in comparison to the ventral linkage. Probably i ts main function 
is to serve as a roof for the food canal besides providing linkage for the 
two galeae. The inner wall in the region of the dorsal linkage bears a 
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pair of fairly broad elastic rods (db) which run throughout the whole 
length of the proboscis. On the basis of location and elastic nature, 
these may be taken homologous to the 'dorsal bars' of jP. brassicae. 
The internal lumen of the galea is partitioned into three chambers 
of varying dimensions by the appearance of two oblique septa (dsm, vsn). 
The septa starting from the base of the coilable portion of the galea end 
a little before its tip. The septa are identical to the 'dorsal longi-
tudinal* and 'ventral longitudinal* septa of P.. brassicae (Eastham and 
Eassa, 1955). The tracheae (tr) of the proboscis lies in the dorsal 
septum. "Die dorsal chamber (dch) is devoid of muscles excepting a little 
of its proximal portion where the elevators of the galea are present. 
The median chamber (mch) is the largest containing the galeal nerve (nv) 
and a set of 7-8 primary oblique muscles. The ventral chamber (vch) is 
the smallest with a set of about two secondary oblique muscles lodged in 
it. These muscles are present only in a very small portion of the galea 
called the 'knee bend*. The latter is situated at about one third of the 
length of the proboscis from the base. It is this place where in extended 
condition the proboscis shows a sharp ventrally directed bend. However, 
in coiled condition this point cannot be detected from outside. This 
confirms the findings of Eastham and Eassa (1955) in P.. brassicae. 
Since the dorsal and ventral longitudinal sefita are absent in the 
tip of the proboscis, its haemocoel becomes unpartioned. It is almost 
filled with oblique muscles. The septa which are probably excuticalar 
in nature, help in maintaining the shape of the galea when under the impress 
of the contraction of its intrinsic muscles. 
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Sensory structures of the proboscis. In addition to innumerable 
spines (S) which occur on the outer surface of the proboscis* the present 
writer has discovered two special types of sensory structures. One of 
them is on the outer surface of the galea while the other one is on the 
inner wall of the galea. 
(1) Inner trichoid sensiIlium (Fio. 19; ISet). There is a 
pair of trichoid sensi11a on the inner wall of the galea a little distal 
to the knee bend and projecting into the food canal. The exact situation 
of the sensillium is the junction of the two longitudinal septa with the 
inner wall of the galea. The wall providing a base for the sesillium and 
the latter is in communication throu^ it with the sensory cell (SCI). 
Taking into consideration the location of the sensillium and their direct 
contact with the food,it would be proper to consider them as gustatory 
in function. This will find support when node of feeding will be described. 
(2) Outer trichoid sensillium (Fig. 20; oSet). The outer wall 
of the apical portion of proboscis bears four rows of very long blade like 
sensory structures arranged dorsolaterally and ventrolaterally on it. 
These sensi11a, though uniform in their structures are not so in their 
length. Those away from the distal tip of the proboscis are short in 
comparison to those lying close to the tip. Each sensillium is narrow 
at the base and gradua1lybroadens towards the apex. The apical tip is 
constricted to form a small knob which bears a sensory hair. The basal 
portion of the sensory hair is embedded in a pit borne by the wall. The 
attachment of the sensillium with the pit is not as firm as that of the 
inner sensillium. These are probably sensory structures, reported for the 
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first time in Lepidoptera and are taken to be fttstatory sensillia. 
Gland cells of the proboscie (Fig. 20; gc). The apical one 
third portion of the haemocoel possesses a series of large unicellular 
gland. Each cell is roughly globular in shape with narrow duct directed 
towards the base of the dorsal linkage and opens there. The cell possesses 
a large nucleus (nu) and granulated cytoplasm. The gland cells possess 
oily fluid which are discharged onto the outer surface of the dorsal plates. 
Eastham and Eassa (1955) in P. brassicae. record the gland cells in the 
entire proboscis. They attribute double functions to them. First, it 
serves to lubricate the dorsal plates for their smooth movements and secondly 
it seals the gap between the two dorsal plates. The present writer assigning 
the functions to the gland cells of S. mauritia is of opinion that the gland 
cells are meant for lubrications purposes only. 
Muscles of the maxilla (Figs. 14, 16 & 17). There are three 
extrinsic muscles to control the flow of blood from and into the stipital 
lumen. Srivastava (1957) has recorded five extrinsic muscles for the 
stipes. This is in contradiction to the finding of Vasudeva (1956) on 
the same insect who found only three such muscles. 
Cranial adductor muscle (No. 8 ) . This largest muscle of the 
stipes is shaped like a fan. Its fibres originate on the genal area 
occupying practically the entire surface between the ocular diaphragm and 
the laterofacial inflection. Running downwards and laterally flanking 
the anterior tentorial arm these end on the broad stipital apodeme just 
anterior to the cardo< Eastham and Eassa (1955) have shown this muscle 
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a r i s ing on the gena and clypeus. Vasudeva (1956) reports i t to a r i se 
from the clypeus. These workers are of the opinion that the course of 
the muscle is raesa'l to the t e n t o r i a l a m . 
F i r s t t en to r i a l adductor muscle (No. 9 ) . I t is a comparatively 
small muscle originat ing on the ventral surface of the tentorium (Tnt) 
covering a portion each of the anter ior and poster ior t en tor ia l arm. I ts 
fibres running para l l e l and mesal to the cranial adductor and j u s t adjacent 
end 
to the la t te r /on the s t i p e s . The ident ica l course and insertion suggest 
that the two muscles work combiningly to effect complete working of the 
s t i p i t a l valve which shuts off the connection between the cranial lumen 
and the lumen of the s t i p e s . The muscle corresponds with the ' an te r io r 
t e n t o r i a l s t i p i t a l adductor muscle' of P.. b rass icae . 
Second t en to r i a l adductor muscle (No. 10). I t is the smallest 
muscle of the s t i p e s . The muscle takes origin from the vent ro- la te ra l 
surface of the anter ior t en to r i a l arm (AT) and is inserted by a short 
tendon on the d i s t a l region of the s t i p i t a l apod^a (StAp). The muscle 
is s imilar to that described by Eastham and Eassa (1955) and Vasudeva 
(1956). I t controls the anter ior portion of the s t i p i t a l valve. 
Muscles of the Galea (Figs. 17,18,18 & 20) . The galea has both 
i n t r i n s i c and ext r ins ic muscles which govern I t s movements. 
Elevator of the galea (No. 11a, b ) . There are two such muscles 
for each galea. These a r i s e on the cut lcular inf lect ion separating the 
s t ipes and galea (Rj) and running obliquely in antero-dorsal region end on 
the cut icular inflexion of the galea (B^). Eastham and Eassa (1955) show 
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s imi lar galea elevators but they have separated them into proximal and 
d i s t a l muscles. The muscles are so arranged that on contraction the 
basal region of the proboscis is raised toNards the labrum, so that the 
l a t t e r may temporarily cover the open portion of the food canal. 
Retya<?tor of the Galea (No. 12). i t is a moderately large 
muscle a r i s ing from the ventral surface of the tentorium to become inserted 
on the junction of the s t ipes with the galea. The contraction of this 
muscle draws the base of the proboscis in the region of the cibariura. A 
s imilar muscle has been recorded by Eastham and Essa (1955) and Vasudeva 
(1956). 
Primary oblique muscles of the galea (No. 13). The d i s t a l 
coi lable portion of the galea is provided with se ts of 7-8 muscles each; 
obliquely arranged throughout the length of the median chamber. Each muscle 
is obliquely stretched between the dorso- la tera l and ventral portions of 
the outer wall of the galea t raversing across the median chamber d i s to -
proximally.. In coiled s t a t e these muscles are relaxed and take the 
curvature of the proboscis. In the extreme d i s t a l region, where the longi-
tudinal septa are wanting, the muscles are shorter and stronger and adopt 
a t ransverse course in latero-raesal d i rec t ion . The space in th is region 
Is almost f i l l ed up by these muscles. The primary oblique muscles are 
very important as the i r contraction draws the outer and inner walls of the 
galea towards each other, thus uncoiling the proboscis. 
Secondary obljque mugcle? (No. 14). Reference has already been 
made regarding the knee bend, which is noticeable in the extended proboscis 
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at about one th i rd of i t s length from the base. I t is here that few 
se ts of 2-3 muscles are observed. These correspond to the 'seconddry 
oblique muscles' of P. b rass icae . Each muscle ar ises from the ventral 
portion of the outer wall at the l a t t e r ' s junction with the inner wal l . 
The fibres t raversing the ventra l chamber disto-proximally, take a 
l a t e r a l l y oblique course to end on the ventral portion of the outer wall 
of the galea close to the ventral longitudinal septum. These muscles 
act as antagonist ic to pr imaries . 
( v i i i ) Labium with i t s muscle 
(Figs . 3,4,21.22 & 23) 
The labium in ^ . mauritia is highly reduced, more or less tr iangular 
with feebly sclerot ized broad proximal portion and strongly sclerot ized 
narrow d i s t a l port ion. The basal margin of the labium is continuous 
with the neck membrane (cvx) in the manner described by Vasudeva (1956) 
in £.• d^PO^eus. Madden (1944) in P.. sexta shows the basal portion of the 
labium as wholly membranous. The labium in S^ . mauritia a l l along the 
basal portion of i t s l a te ra l margins is suspended from the cranium 
excepting a small portion which is soldered with the l a t t e r in the 
v i sc in i ty of the maxillary a r t i cu la t ion with the cranium. In Lepidoptera 
Madden (1944), Vasudeva (1956), Srivastava (1957) and Ehrlich (1958) 
f a i l to record any sc l e ro t i c contiguity between labium and cranium. The 
pos te ro la te ra l margins of the labium is in membranous contiauity with 
the maxillae. The apical portion of the labium is subtriangular and 
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bears in te rna l ly a median carina (mR). The l a t t e r provides attachment 
to the terminal portion of the median sal ivary duct. 
The sockets for the labia l palps are borne on the labial p la te 
about half of i t s length from the base and close to the l a te ra l margins. 
The labia l palp simply f i t s into the corresponding socket (Ibsoc) and is 
attached to i t s rim by a narrow s t re tch of membrane. The palpi are 
flexed upwards with long scales borne on i t . I t is three segmented; 
the f i r s t being la rges t . The las t s e ^ e n t of the palp is shortest bearing 
a d i s t i nc t p i t on the d i s t a l surface. Hsu (1938) is perhaps the f i r s t 
to record and describe an ident ica l p i t in the labial palp of Pier is 
rapae and took i t for "olfactory p i t " . Since then i t is not reported 
in Lepidoptera. The inner wall of the sensory p i t (Sapt) bears numerous 
b r i s t l e l ike ' s ens i l l a coeloconica (ScPlp). Hsii (1938), shows pegs 
instead of b r i s t l e . The nerve (Nv) for labial palp when reaches the 
p i t , d i l a tes to enclose the l a t t e r . Here i t gives origin to bipolar 
c e l l s , whose apical ends enter the b r i s t l e s . The sens i l la coeloconica 
probably functions as chaemoreceptors. 
There is no ext r ins ic muscle for the labium, which means that 
i t s movements are controlled by maxillary muscles. However, the basal 
segment of the labia l palp is provided with a levator muscle (Fig. 23; 
No. 15). I t is a very small muscle taking origin on the labial pla te 
and is inserted on the proximal rim (rLbPlp) of the basal segment of 
the pa lp . In P. demoleus .Vasudeva (1956), does not record any muscle 
for the labia l palp; whereas, Srivastava (1957) describes i t from the 
same insec t . 
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© (ix) Sucking pamp with i ts mttscles 
(Figs. 5,6.7 & 24) 
The sucking pump in £. maurltia is a composite structure con-
s i s t ing of the entire cibarium and a portion of the pharynx. The fusion 
is so complete that there is no differentiation between the two components 
The frontal ganglion (Ft'Gng) is the only separating landmark. When 
distended with food i t gives the appearance of a bulb, occupying a 
considerable area of the head lumen. It is a highly muscular structure 
resting on the diverging anterior tentorial bars. The anterior end is 
continuous with the food meatus (fm) which is dorsally united with the 
epipharynx (Ephy). In P.. brassicae.Eastham and Eassa (1955) do not show 
any food meatus whereas a similar structure is taken as 'narrow neck' by 
Vasudeva (1956) in P.. demoleus. The food meatus in turn opens into the 
food canal (fc) of the proboscis. Posteriorly the sucking pump communi-
cates with the pharynx (Phy). 
The floor of the sucking pump (Hyph) is bowl-shaped, and highly 
sclerotized. In P.. demoleus. Vasudeva (1956) assigns a porous nature 
to i t . The present writer fa i l s to understand, how a porous object can 
produce a suction force enough to l i f t the fluid through the lengthy 
passage of the proboscis into the cibarium. It appears that she has 
based her observation on a pair of small semisclerotized spots which the 
present writer has discovered in S. mauritia. These spots bear minute 
sensory p i t s , working as sens i l i a coeloconica (ScSP). Frings and Frings 
(1949), have described similar chaemoreceptors from the preoral food 
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cavity of many insects. However, the presence of sensilla coeloconica 
in the floor of the sucking pump of S.. mauritia is perhaps the first 
record in Lepidoptera. 
The floor of the sucking pump of S. mauritia' appears to be the 
adoral surface of the hypopharynx (Hyph). The latter has lost its 
separate identity. The antero-lateral angles of the floor protrude out 
as strong sclerotic bars (HR) which run forward to fuse with the corres-
ponding genae. Thus the sucking pump is actually supported on the genal 
area of the head. These bars are identical to the 'hypopharyngeal 
ridges' of P.. brassicae (Eastham and Eassa, 1955). The roof of the 
sucking pump is membranous, concave and flexible. It receives the 
dilator muscles of the pump which arises from the frontoclypeal area of 
the cranium. The membranous nature of the roof in comparison with the 
sclerotic floor responds to the action of dilators as well as, compressor 
muscles of the pump. 
Muscles of the sucking pump (Figs. 5,6 & 7). The musculature 
of the sucking pump of S. mauritia is highly complex. This includes both 
intrinsic and extrinsic muscles and are categorised as 'dilators' and 
'compressors'. 
Dilator of the food meatus (No. 16). It is an unpaired small 
muscle which is extraordinarily broad and arises from the inner surface 
of the labrum (Lm). It is inserted on the dorsal wall of the food 
meatus (fra). This muscle on contraction converts the food meatus into a 
wide passage for easy ascent of food into the cibarium. Srivastava (1957) 
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in P.. deffloleus. names s imilar muscle as ' an te r io r clypeal c ibar ia l 
muscle ' . This labellincf seems to be based on in terpre t ing as clypeus 
the area which actual ly belongs to the labrum and considering the food 
meatus as part of cibarium.. 
Compressor of the food meatus (No. 17). The fibres of th is 
unpaired muscle transversely wrap the proximal portion of the food 
meatus near i t s junction with the c ibar ia l portion of the sucking pump. 
This muscle being of sphinctor nature normally keeps the communicating 
passage between the food meatus and the sucking pomp closed. I t is 
only under the food pressure synchronized with the relaxation of the 
d i l a t o r of the food meatus that the compressor of food meatus yields 
and the food consequently moves from the food meatus to sucking pump. 
A s imilar muscle, ' t ransverse sphinctor of cibarium*. round the narrow 
an te r io r region of the cibarium has been described by Easthara & Eassa 
(1955). Srivastava (1957) a l so , labels an ident ica l muscle as ' c ibar ia l 
compressor', in jP. demoleus. Perhaps these authors have taken the food 
meatus as c iba r ia l der iva t ive . This in terpre ta t ion is d i f f icu l t to 
accept special ly when cibarium and food meatus are d i s t inc t ly two 
independent s t ructures in insect morphology. 
Anterior c ibar ia l d i l a to r (No. 18). This muscle appears 
to consist of three bundles or iginat ing separately on the anter ior one 
th i rd of the frontoclypeus. Running in dorso-ventral direction these 
to 
fibres end on the dorsal wall of the sucking pump very near/ the food 
meatus. The median bundle is largest while the two la te ra l s are small. 
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In P. brassicae Eastham and Eassa (1955) have shown th is muscle repre-
sented by a s ingle bundle. Vasudeva (1956) and Srivastava (1957) in 
P. demoleus have taken i t to be monobundled and paired muscle respectively. 
Zaka-ur-Bab (1961) in the same but te r f ly (£ . demoleus) records two pairs 
of 'anteromedian d i l a to r of cibarium'. I t can, therefore, be concluded 
that the anter ior portion of the cibarium is provided with d i la tors 
in varying numbers in I-epidoptera. 
Lateral cibtirial d i l a to r (No. 19). This pair of muscles is 
largest among the muscles of the sucking pump. I t ar ises on greater 
par t of the frotoclypeus along the la terofac ia l inf lec t ion . I t s fibres 
descending obliquely end in a l ine on the la tero-dorsal surface of the 
pump. Functionally th is muscle becomes a strong d i l a to r of the cibarium. 
Eastham and Eassa (1955) have labelled a s imilar muscle as ' l a t e r a l 
c iba r i a l d i l a t o r ' in P.. b rass icae . Srivastava (1957) shows th i s muscle 
or iginat ing on the frons. This is based on in terpre t ing the area of 
origin of the muscle as frons which actually belongs to clypeus. In 
Arqina c r ib ra r ia C . Zaka-ur-Rab (1963) has shown three pairs of such 
muscles. 
Pharvnqeal d i l a to r (No. 20) . I t consists of a pai r of 
larffe and stout muscles. Each muscle ar ises from the poster ior most 
portion of the frontoclypeus close to the antennal socket (obviously 
the area becomes the f rons) . I t ends on the dorsal wall of the sucking 
pump (stomodaeal region) j u s t poster ior to the frontal ganglion (FrC^ng) 
and i t s connectives. The contraction of th is muscle d i la tes the 
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stotnodaeal region of the sucking pump. Eastham and Eassa (1955) have 
shown an unpaired 'pharyngeal dilator muscle* ending on the postero-
lateral surface of the sucking pump posterior to the frontal ganglion. 
How they have shown this muscle arising on the clypeus is difficult 
to understand. 
Transverse compressor of the sucking pump (No. 21). It is 
an unpaired muscle wraping transversely the entire posterior half of 
the dorsal surface of sucking pump. It covers both the stomodaeal as 
well as, cibarial areas of the pump. It is the broadest compressor 
muscle whose contraction exerts considerable pressuieon the dorsal wall 
of the sucking pump. 
Cruciform compressor of the sucking pump (No. 22). It is a 
pair of large muscles encircling almost the entire sucking pump. The 
fibres of each muscle run diagonally along the length of the pump, and 
the two muscles consequently cross each other in the form of a 'chiasma' 
The present writer calls them as principal compressor of the sucking 
pump having homology with the 'cruciform compressor' of P,. brassicae. 
(x) Salivarium with its muscle 
(Figs. 7 & 17) 
The common salivary duct dilates slightly at the apex. Though 
it does not form a reservoir yet is capable of holding a small quantity 
of saliva within its lumen. Therefore, it may be appropriate to call 
this region of the salivary duct as salivarium (Slv). The latter may 
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be compared with that of S,. dees a e (Alara, 1951). A salivarium has not 
been so far recorded in Lepidoptera. The salivarium of ^. mauritia 
opens 8t the Junction of the food meatus with the food canal and is 
secondarily attached to the median carina of the labium. It is lying 
ventral to the floor of the sucking pump. The roof of the salivarium 
is membranous while the floor is distinctly sclerotized. 
The paired salivary dilators (No. 23) descending obliquely from 
the hypopharyngeal ridges end on the roof of the salivarium. This 
corresponds to the 'salivary dilator muscles' of P. brassicae. However, 
other workers on Lepidoptera do not report any muscle for salivary duct. 
Alam (1951) has recorded muscle for the salivarium. The ejection of 
saliva into the food canal is controlled by these muscles. 
(xi) Mode of feeding 
One of the most interesting features in the anatomy of the 
Lepidoptera is the mode of coiling and uncoiling of the proboscis. 
Reumer (1734) was perhaps the first to study the mechanism in some 
details. Since then, considerable efforts have been made to solve 
this mystery by different workers in their own ways. These literatures 
ending with Bourgogne (1951), do not present any thing definite about 
the actual mode of coiling and uncoiling. For convenience, these works 
may be divided into three categories. 
(1) Intrinsic muscles are directly responsible for coiling, whereas 
extension is due to blood pressure from the head, or elasticity of the 
proboscis or both (Burgess, 1880; Eltringham, 1923; Snodgrass, 1935; 
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Lameere, 1938; Schmitt, 1938; Imms, 1942; Bourgogne, 1951, e t c . ) . 
(2) Muscles responsible only for extension and e las t ic properties 
of the cut icu lar wall of proboscis for coi l ing , (Savlgny, 1816; 
Kirbach, 1884; Bering, 1926; Weber, 1933; Pradhan and Aren, 1941, 
e t c . ) . 
(3) Muscles responsible for both coi l ing and extension, (Reaumer, 
1734; Burmeister, 1832; Por t i e r , 1949, e t c . ) . 
Eastham and Eassa (1955) have put forwarded the convincing 
theory well supported with facts on the mechanism of coi l ing and un-
coi l ing of proboscis in P.. b rass icae . According to thera, the extension 
of the proboscis is brought about by indirect muscle action under 
conditions of haemocoelic t u rg id i t y . Similarly, coi l ing is a t t r ibuted 
to a special type of e l a s t i c 'dorsal bar ' present in the proboscis. 
The present studies in ^ . mauritia mostly support t he i r findings. 
The coi l ing of the proboscis may be considered as a prelude 
to the feeding. The adductor muscles of s t ipes are in actual control 
of the s t i p i t a l valve which in turn disconnects the s t i p i t a l lumen from 
the crania l lumen. Consequently the blood contained in the s t i p i t a l 
lumen is not allowed to escape into the crania l lumen. This is considered 
as a p re - requ is i t e to uncoiling of the proboscis. 
In an experiment other than performed by Eastham and Eassa 
(1955) the present wr i te r severed the apical end of one galea. The 
galea whose t i p was cut remained loosely coi led, showing very l i t t l e 
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jerking act ion. The undamaged galea however, uncoiled in normal manner. 
When the cut end of the galea was sealed with cel loiden, i t resumed normal 
uncoil ing. Thus i t can be concluded that a closed galea lumen is an 
essen t ia l factor for the uncoiling of the proboscis. 
The haeraocoel of the galea being closed, the re t rac to r muscles 
of the galea contract . This draws the proboscis closer to the region 
of cibarium. I t is followed by the contraction of elevator muscles of 
the galeal base, to pul l the l a t t e r ju s t underneath the labrum. The 
s t ruc tu re of the labrum is such that i t f i t s perfectly on the raised basal 
portion of the proboscis, thereby, effecting temporarily dorsal c losure. 
Under raised condition the lurainae of proboscis and s t ipes become conti-
nuous and the blood from the s t ipes flows into the basal portion of the 
galeae. Simultaneously, the primary oblique muscles in the galeal wall 
undertake proximo-distally directed contraction, thereby, permitting 
flow of s t i p i t a l blood into the en t i re length of galeae and also effecting 
ful l extension of the l a t t e r . 
As has already been reported, the extension of the proboscis 
beyond a par t i cu la r limit is res is ted at the 'knee bend' which is si tuated 
at about one thi rd length from the base. I t is here that a se t of 
secondary oblique muscles are present . The long d i s t a l portion of the 
proboscis under extended condition maintains an angle of 60 - 120 , 
with the knee bend. This curvature in the proboscis is very helpful 
for the moth which can explore from one spot, several small flowers lying 
within i t s reach. The secondary oblique muscles combine with primary 
oblique muscles to f«rm overlapping ' V s . Due to the curvature of the 
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proboscis in this region, tbe latero-ventral contraction of the primary 
oblique muscles tend to coi l the proboscis instead of uncoiling i t . 
The secondary oblique muscles which are antagonistic to primaries check 
the proboscis from coi l ing. 
The extented proboscis is introduced into the reservoir of the 
food. The outer trichoid sensi l la present on the apical portion of the 
proboscis helps the moth in selecting the proper food. Such pre-
selection is regarded essential for ensuring entry of right type of 
food into the sucking pump. It is interesting to note that food 
enters the food canal not only through the open tip of the proboscis; 
but also through dorsal linkage which are loose and allow the liquid 
food to enter the food canal from any place beyond the knee bend. This 
has been discovered by the present writer through an experiment in 
which the apical tip of the proboscis was sealed by celloiden, yet the 
moth continued to feed without much di f f icul ty . The outer trichoid 
sensi l la are present on the apical portion of the proboscis for food 
test ing before i t enters through the t i p . Besides, there are inner 
trichoid sensi l la in the lumen of the food canal beyond the knee bend 
which perform test on the food entering through the dorsal linkage. 
The present writer on the strength of this experiment suggests 
that the dorsal wall of the food canal is not perfectly air t ight . 
Easthara and Eassa (1955) also basically accept this fact; nevertheless 
they think that the gland ce l l s opening at the base of the dorsal linkages 
besides lubricating them may also function to seal the gaps between them 
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and thereby, make the dorsal wall 'airtight'. The present writer has 
found these glands only in the apical region of the galeae and therefore, 
is reluctant to accept that the entire dorsal wall can be regarded air 
tight with the secretion of the galeal glands. The question arises 
whether, in the absence of an airtight channel, the suction force created 
in the sucking pump is capable of lifting the food through such a long 
passage and against the gravitational force? The feat seems difficult 
if not impossible. If the source of the food is big enough so as to 
permit emersion into it a considerable portion of the proboscis, then 
the feeding can conveniently be done. But the fact that the moth can 
consume even a small drop of liquid placed at the tip of the proboscis, 
apparently nullifies the theory of the present writer. The latter 
attempting to justify his theory suggests ascent of food in the food 
canal on the basis of capillary mechanism. It is a well known fact that 
in a capillary tube, liquid rises to a particular height without any 
extrinsic pressure. The food canal of the moth is sufficiently narrow, 
and as it is not air tight it can function very well in the manner of 
a capillary tube. As soon as the tip of the proboscis comes in contact 
with the food, the latter automatically ascends Into the food canal to 
a particular height. This rise of food without any extrinsic pressure 
brings the food within the field of action of the sucking pump. To 
test the validity of the capillary theory, the tip of the proboscis of 
the moth which was under anaesthesia was introduced into a small drop 
of glucose water. The latter started ascending into the food canal upto 
a particular level though the insect was under perfect anaesthesia. 
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After the food has been raised into the food canal for some 
height, the dilator muscle of the food meatus contracts so as to put 
the food meatus in communication with the food canal and, thereby, 
enabling ascent of the food towards the sucking pump without difficulty. 
At this stage the dilator muscles of the sucking pump undergo contraction 
in antero-posterior direction. This creates marked low pressure inside 
the sucking pomp and consequently, the food is dropped into it. After 
the sucking pump is filled with food, the compressor of the food meatus 
contracts to cut the passage between cibarlum and food meatus so that 
any backward flow of the food is checked. The dilators of the sucking 
pump relax in antero-posterior direction and simultaneously the compressors 
of the sucking pump return to their normal position. The combined action 
of the dilators and the compressors of the sucking pump compels the food 
to move in antero-posterior direction within the lumen of the sucking 
pump. Synchronizing with this movement in the food, the dilators of 
the pharynx undergo contraction to provide passage for its flow into 
the pharynx. 
The coiling of the proboscis was attributed either to muscle 
action (Burgess, 1880; Eltringham, 1923; Snodgrass, 1935; Lameere, 
1938; Schmitt, 1938; Irams, 1942; Bourgogne, 1951),or to the elasticity 
of the proboscis as a whole (Kirbach, 1884; Bering, 1926; Weber,1933; 
Pradhan and Aren, 1941). Eastham and Eassa (1955) studying in detail 
the cuticular structure of the proboscis discovered a pair of elastic 
'dorsal bars' in e^ch galea "in the upper wall of the food tube". 
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They assigned the main responsibility of coiling the proboscis to 
these longitudinal bars. In order to test this, the present writer 
carried out an experiment on the proboscis of S_. mauritia. In this 
experiment the galeae were separated and uncoiled. A few incisions 
were made in the left galea with a knife along the dorsal bar. After 
recovery from anaesthesia the moth coiled back the right galea to its 
normal position; while that of the left side hanged loosely. This 
confirms that coiling is brought about by elasticity of the dorsal 
longitudinal bars. The present writer suggests that, though coiling of 
the proboscis is due mainly to the elastic bars, it is initiated by 
the relaxation of the primary oblique muscles of the galeae. Secondly, 
the role of the bar is perhaps made easy and more effective due to the 
relaxation of the adductor muscles of the stipes which provides unhindered 
return of excess blood from galeal lumina to the stipital lumina. * 
2. THE THOBAX 
(i) General faatares of the thorax 
(Figs. 40 & 44) 
The thorax of Spodoptera mauritla B., Hke other lepidopterous 
insects, consists of distinct prothorax, mesothorax and metathorax; 
separated from each other by intersegmental grooves. The thoracic 
dorsum Is well sclerotized with the exception of the prothoracic dorsum 
which is extensively membranous. Each segment-bears a pair of jointed 
legs. The mesothorax and metathorax, also carry paired wings and 
combiningly form the pterothorax. Anteriorly the thorax is connected 
with the head through a cervical membrane. Likewise, it is posteriorly 
in membranous connection with the abdomen. 
The prothorax is much smaller in comparison with the pterothorax. 
The latter being wing bearing is highly modified. The pterothoracic 
terga are arched while its sterno>pleura combiningly form a V-shaped 
continuous plate in each segment. This characteristic outline of the 
thorax is well suited to withstand the pressure brought upon by the wing 
and leg muscles. The undersurface of the thoracic plates are provided 
with well developed ridges for the attachment of various muscles. The 
protergal stem fits into the concavity of the mesotergura. The raeso-, 
and metaterga are closely approximated with very narrow intertergal 
membranes. The metathorax is highly modified due to the presence of 
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tympanic organs on its pleura. 
(ii) The Cervix 
(Figs. 23, 25 and 27) 
The cervix (cvx) stretches between the rim of the foramen 
magnum and the prothorax. It is mostly membranous with sclerotiza-
tion limited to two'Tlshaped cervical sclerites. Each cervical 
sclerite <cv) is formed of two components known as anterior (proximal) 
and posterior (distal) bars. The anterior bar (cvA) runs almost 
horizontal to the long axis with free blunt end articulating with the 
corresponding concavity (ArcPoc) in the transverse septum of the foramen 
magnum, close to the posterior tentorial pit (pt). The posterior bar 
(cvP) lying ventral to the body axis is firmly attached by its mesal 
(ventral) end with the basisternum (Bs,). This type of sternal connec-
tion of the cervical sclerites has not been reported in Protoparce 
sexta (Madden 1944); Danaus plexippus (Ehrlich 1958) and Papilio 
demoleus (Srivastava 1961). Such attachment gives a firm support to 
the head. The posterior bar also develops a lateral (dorsal) subtrian-
gular projection, which abuts against the anterior margin of the 
pleuron (PI,). 
(iii) Structure of the prothorax 
(Figs. 25, 26, 27, 28, 29, 40, 41 and 44) 
The prothorax is an independent segment having membranous connec-
tions anteriorly with the neck and posteriorly with the mesothorax. 
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The tergum, pleura and sternum are fused in a r ing- l ike fashion. These 
are , however, separable along tergopleural and sternopleural l ines . 
Protergum (T , ) , The protergum is more or less'Y-shaped 
consis t ing of three p l a t e s . The dorsal p l a t e , being obliquely longi-
tudinal to the body ax is , becomes the stem (T.S) while the two la te ra ls 
form the arms (T.A). The narrow basal portion of the stem ar t icu la tes 
with a d i s t inc t bowl-shaped depression developed in the middle of the 
anter ior margin of the mesotergum (PrsArc). Each arm of 'Y' is a f lat 
p l a t e separately res t ing on the propleuron (PI , ) along tergopleural l ine . 
Oorsally, each arm bears a sac- l ike semisclerotic patagiura (Pg) which is 
shaped l ike maize seed. The proximal end is narrow and pointed while 
the d i s t a l end is broad and swollen. The patagium is covered with 
thick coat of scales and i t s a i r space is continuous with that of the 
prothorax through a very fine aper ture . The movements of the patagium 
is dependent upon that of the protergum as the former is not provided 
with any kind of muscles. The function of the patagiura is obscure; 
presumably i t serves as a i r reservoir and may also function as cushion 
for the head. Behind the patagium is a less sclerot ized swelling which 
may be compared with 'parapatagium* (Par) of Lepidoptera (Shultz, 1914) 
and P.. sexta (Madden, 1944). 
Burgess (1880) in Danaus archippus. Schultz (1914) in Lepidoptera 
and Nuesch (1953) in Telea polyphemus.have t r i ed to subdivide the proter-
gum on the lines of tergal subdivisions in the pterothorax. The present 
wr i t e r considers th is suggestion as superfluous sinee the subdivisions 
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do not confirm with the conventional basis of subdividing the wing 
bearing tergura. Further, such subdivisions even in the pterothorax 
are not of consistent nature, as is evident from the study of Diptera 
(Bonhag, 19*^ 9 and Hymenoptera (Duncan, 1939; Snodgrass, 1942 and Alam 
1951) where the raesotergum is d i s t i nc t l y subdivided while the raetatergura 
is reduced to a narrow band of s c l e r i t e . In Coleoptera, where the 
hind pai r of wings is most functional, the raetatergura is markedly sub-
divided (Khateeb, 1946). It i s , therefore, c lear that the subdivisions 
are based on the functional nature of the wings. I t can further be 
strengthened by c i t ing the insect under study in which the raeso-, and meta-
terga are d i s t i nc t l y subdivided as here both pairs of wings are equally 
functional . 
Propleuron ( P I , ) . The propleuron is roughly oblong and 
convex p la te forming the s ide of the prothorax. It can conveniently 
be demarcated into a broad ventral (poster ior) p la t e (Pl.p) and a com-
parat ively small dorso- la tera l (anter ior) p la t e (PI,a) in a manner 
reported by Alam (1951) in ^ . deesae. A portion of the dorsal margin 
of the dorso- la tera l p la te functions as a r e s t for the ventra l margin 
of the protergal arm (TjA). The upper portion of the mesal margin is 
in membranous connection with the cervical s c l e r i t e , as well a s , with 
the head. The basal portion of th is margin is contiguous with the 
basisternum (Bs,) along a d i s t inc t s ternopleural suture (Spls) . The 
short ventral margin of the dorsola tera l p la t e is emarginated to 
accommodate the trochantin (Tn). The dorso- la te ra l p la te also provides 
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resting place for the lateral (dorsal) arm of the cervical sc ler i te (cv). 
The ventral plate is somewhat rectangular in shape. All along the lateral 
margin i t is fused with the dorso-lateral plate. A portion of the aesal 
margin of the ventral plate is secondarily soldered to the furcal arra(SA). 
The ventral plate has been interpreted by Madden (1944) in 
P,. sexta as'pleural ridge' . He has apparently based his interpretation 
on the presence of a dorsoventral longitudinal 'pleural suture'; In 
spi te of the fact that the epimeron is shown to be absent in P.. sexta. 
Further, the so-called pleural suture does not conform with the definition 
of the term 'suture'. The present writer maintains that due to the 
bending of the dorso-lateral plate a convexity has developed along the 
course of the bend in order to meet the ventral plate. This line of 
fusion between the two plates has been mistook as 'pleural suture' by 
Madden (1944). 
Prosternum. The prosternum consists of basisternum and 
furcasternum. The presternum is absent. 
The basisternum (Bs,) is almost'T-shaped. The head of the 'T' 
is the broadest part of basisternum. It is bent upwards and on extending 
towards the sides becomes continuous with the propleuron through sterno-
pleural suture (Spls) . The latter is internally represented by a strong 
ridge. Apically the basisternum provides attachment to the lateral 
cervical sc ler i tes (cv) . It is basally divided into two lateral halves 
by a mid-longitudinal suture (mvs). The latter is complete and internally 
represented by a broad ridge (mvr). Such subdivision of basisternum into 
- 46 -
two lateral plates have also been shown by Bonhag (1949) in the horsefly. 
However, Srivastava (1961) in P.. demo leas does not report such subdivi-
sion, but records the presence of an 'invaginated hollow spine' from the 
'anteromedian region' of the basisternum. It appears that the mid-
longitudinal suture in P.- demoleus is incomplete and feebly developed 
and the 'hollow spine', is the ridge of the same suture. 
The furcasternum (Fs.) is an elongated narrow sclerite, obliquely 
directed downwards. It is secondarily traversed by a median longitudinal 
groove (mlgs). The furcasternum is anteriorly demarcated from the basis-
ternum by an inverted 'V*-shaped sternacostal suture (Scs)and posteriorly 
separated from the spinasternum (Ss) by a small spinal pit (Spnp). The 
sternacostal suture is greatly reduced due to the shifting of the 
apophyseal pits towards the median line. In doing so the two pits almost 
merge with each other thereby, giving rise to a single large pit (ap). 
However, the entity of each pit is somewhat retained due to the presence 
of an incomplete septum between them. Srivastava (1961) in P_. demo leus. 
records two 'furcal pits' whereas Ehrlich (1958) in D. plexippus. has 
reported one 'furcal pit'. 
Internally the apophyseal pit (ap) is produced into a pair of 
sternal apophyses (furcal arms). Each furcal arm (SA) diverges laterally 
as narrow plate whose distal end broadens. The lateral margins of the 
furcal arm secondarily fuses with a portion of the mesal margin of the 
dorso-lateral plates of the pleuron. This union of the prosternal 
apophysis and the propleuron provides strong bracing support to the 
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prothorax. In D. plexiopus (Ehrlich, 1958) the prothoracic 'furca' 
is shown to join the pleuron by a plate, the 'furcal lamella*. Madden 
(1944) in P. sexta. records the furcal arm fusing with the 'pleural 
arm* which is the extension of the pleural ridge. 
The furcasternum (Fs,) ends at the unpaired spinal pit (Spnp), 
from where an elongated, inverted 'Y'-shaped spinasternum (Ss) starts. 
The divergent narrow arras of the spinasternum move backwards to fuse 
with the enterior margin of the mesothoracic baslstemum (Bsg). The 
spinal pit invaginates to form a short spina (spn). The latter serves 
as important point of attachment for the retractor muscle of the pres-
ternum. Madden (1944) in P. sexta while showing the spina makes no 
mention of the pit. Ehrlich (1958) in D. plexippus^records the pit in 
the middle of the spinasternum. Similarly, Srivastava (1961) in P. 
damoleuSjfinds it in the longitudinal arm of the 'T'-shaped spinasternum. 
(iv) Structure of the forelegs 
(Figs,30,31,32,33,34 and 35) 
The foreleg in S.. mauritia. is slender and weak. It has only 
pleural articulation with the thorax. The coxal socket (CxC.) is limited 
mostly by the sternal elements but a portion of the antero-lateral limit 
is contributed by the pleuron. This interpretation is totally different 
from that of Ehrlich (1958) In D. plexippus. who considers coxal socket 
enclosed from all sides by the pleuron excepting a small mid-posterior 
area where the furcasternum forms its limit. 
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The coxa can be divided Into anterior and posterior longitu-
dinal halves by an imaginary axis (b-b) passing vertically through the 
coxsl articulation. With respect to this line of axis, the movements 
of the coxa will be forward and backward. As the muscles are inserted 
anterior and posterior to this axis, these may be taken to act as 
promoters and remotors. 
Coxa (Cxj). The forecoxa is long, more or less cylindrical 
and tapering distally, The proximal rim slightly extends over its 
mesal wall followed by an incomplete submarginal suture. The latter 
may be taken as basicostal suture (bcs) which cuts off an incomplete 
basicoxite (Bex) and is internally represented by basicosta (Be). Sri-
vastava (1961) in P. demoleus, also shows a basicostal suture demarcating 
a narrow basicoxite. The lateral portion of the coxal rim has an inward 
inflection bearing a small concavity (CxArc) for the pleural (trochan-
tinal) articulation. The entire proximal rim is in conjunctival suspen-
sion from the propleuron and sternum. 
The distal rim of the coxa bears an anterior and a posterior 
knob (CxArkD) which provides articulation to the correspinding knobs 
(TrArkP) borne on the lateral (anterior and posterior) angles of the 
proximal rim of trochanter. Such dicondylic articulation restricts the 
movement of trochanter to 'up and down' direction. Similar dicondylic 
articulations are reported by Alam (1951) and Srivastava (1961) in 
^. dees a e and P,. demoleus. respectively. 
Trochanter (Tr). The trochanter is comparatively very small 
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with concave dorsal surface and convex ventral surface. The irregular 
proximal rira is greatly thickened. Its ventral portion receives the 
apodeme of the depressor muscle while the levator muscle is inserted on 
its dorsal portion. The distal end of the trochanter is obliquely applied 
to the proximal rim of the femur. The ventral portion of this rim 
possesses an articular knob (TrArkD) which fits into the corresponding 
concavity (FmArc) in the ventral portion of the rim of femur. This 
condition corresponds with that of §_. deesae (Alam 1951). Srivastava 
(1961) in P.. demoleus. shows concavity in the posterior half of the 
proximal margin of the trochanter and the knob in the posterior half of 
the proximal margin of the femur. How the proximal ends of two adjacent 
components (trochanter and femur) form a joint is not understood. 
Femur (Fra). The femur (Fra) is elongated and cylindrical, 
with proximal end broader than distal end. The ventral portion of the 
proximal rim of femur bears a concavity (FmArc) for articulating with 
the trochanter. At its distal end the ventral wall of the femur is 
deeply emarginated. Besides, its lateral angles are produced Into 
articular knobs (FmArkL) which form dicondylic articulation with the 
tibia. In S^ . deesae (Alam, 1951) a similar "dicondylic' femoro-tibial 
articulation has been shown. In P.. demoleus (Srivastava, 1961) and in 
Athalia proxima Kluq (Dhillon, 1966) the articulation is again dicondylic. 
Such femoro-tibial joint enables the tibia to undergo extension and 
flexion in response to the action of tibial muscles. 
Ttbia (lb). The tibia (Tb) is narrow and cylindrical with the 
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dorsal half of i t s proximal rim conical to receive the extensor muscle 
of the t i b i a . I ts l a te ra l angles are produced into a r t i cu l a r knobs 
(TbArkL) fbr femoro-tibial a r t i cu l a t ion . The ventral half of the proximal 
rim provides insert ion for the depressor muscles of the t i b i a . The 
ventral surface of the t ib ia possesses a cavity into which f i t s a leaf-
l ike s t ruc tu re , comparable with the 'epiphysis* (Epp) of P^ . sexta . The 
dorsal half of the d i s t a l rim of t ib ia develops a concavity which provides 
a r t i cu la t ion to the dorsal knob of the proximal rim of basitarsus (BtArk). 
Thus the t i b i o - t a r s a l a r t i cu la t ion is of ' b a l l and socket- type ' , as shown 
by Alam (1951) and Dhillon (1966) in S. deesae and A, proxima. respectively, 
Tarsus (Tar) . The tarsus cons i t s of five 'tarsoraeres*. The 
f i r s t tarsomere, known as basi tarsus (Btar) , is the longest. The dorsal 
half of the proximal rim of the basi tarsus possesses a knob (BtArk) 
which is responsible for the t i b i o - t a r s a l j o i n t . The second and the 
f i f th tarsomeres are subequal; the fourth is the shor tes t : while the 
th i rd is s l igh t ly longer than the fourth. Each tarsomere excepting the 
bas i tarsus has a narrow convex proximal end which f i t s into the concave 
d i s t a l end of the preceding tarsomere. 
Pretarsus (P t a r ) . The pretarsus is the terminal segment of 
the leg and a r t i cu la tes with the d i s t a l end of the last tarsomere ( T a r 5 ) . 
The dorsal half of the l a t t e r ' s rim is produced into a conical projection 
directed ven t ra l ly . The apex of the projection is associated through 
fine membrane with the proximal margin of the subtriangular p l a t e . 
The subtriangular p la te of S. mauritia can be considered as analogous 
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to the 'dorsal plate' of the hioney bee (Snodgrass,1956). Likewise, the 
lateral knobs become the 'unquifers* of S. mauritla. The unguifers (Ur) 
articulate with the corresponding concavities in the base of the claws. 
Each claw (Un) is hollow and strongly sclerotized. It is broad at base 
and tapers into a narrow curved apex which is bidentate. 
The median knob (kM) of the dorsal plate (Dpi) provides associa-
tion to a small rectangular plate. This plate can be compared with 
the 'manubrium' of S^ . dees a e (Alara 1951) and boney bee (Snodgrass, 1956). 
The dorsal surface of the manubrium (mn) possesses a conspicuous sensory 
seta ( s ) . lite apex of the manubrium f i ts into a suboval membranous 
arolium (Ar). The basal portion of the arolium is collared on i t s 
ventral surface by a semicircular arcus (arc) . Similar structures of the 
arolium and arcus have been shown by Alam (1951) in S^. deesae. whereas, 
Srlvastava (1961) In P^ . demoleus. does not record the arcus. Madden 
(1944) in £. sexta. has shown the arolium as a simple reduced membranous 
area dorsal to the empodium and containing a small cylindrical spine. 
The ventral half of the distal rim of last tarsomere (rTarS) 
is deeply emarglnated to allow extensive membranous ventral suspension 
to the pretarsus. Very close to the ventral margin l ies the median 
sclerotized, subtriangular ungultractor (Utr). The sides and the vertex 
of the ungultractor are in membranous connection with the pretarsus, while 
i t s base receives the tendom (t) of the flexor muscle of the claw. Lateral 
to the ungultractor the membrane extends forward in the form of a lobe-
like structure lying under the claw; called the 'pulvi l lus' (Pv). 
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(v) Muscles of the prothorax 
(Figs . 31,36,37,38,39 & 40) 
The muscles of the prothorax can be divided into three main 
groups. (1) Muscles d i rec t ly responsible for the movement of the head, 
(2) Muscles responsible for the movement of tergum, pleura and sternum 
(segmental as well as intersegmental) and (3) Muscles mainly responsible 
for the movement of the forelegs. 
!• Muscles d i rec t ly responsible for the movement of the head. 
F i r s t levator of the head (No. 24) . This muscle is slender, 
or ig inat ing on the anter ior bar of the l a t e ra l cervical s c l e r i t e (CvA). 
The muscle is inserted dorsal ly on the postoccipftal r idge. 
Second levator of the head (No. 25) . This is also a slender 
muscle and ar ises on the middle of the l a t e ra l cervical s c l e r i t e posterior 
to the f i r s t levator. I t runs dorso- la te ra l ly to end on the postoccipital 
r idge s l i g h t l y mesal to the f i r s t levator. 
Third levator of the head (No. 26). It is a stout muscle, 
a r i s ing on the poster ior bar of the cervical s c l e r i t e (cvP), is inserted 
by a short tendon on the dorsal rira of the foramen magnum. I t corres-
ponds with muscle 'No. 20' of D. plexlppus (Ehrlich and Davidson 1961). 
Fourth levator pf the head (No. 27) . It is a moderately broad 
muscle having more or less , pa ra l l e l f ibres . I t ar ises at the apex of 
the protergal stem (TjS). The fibres f i r s t move downward and then take 
a sharp bend in anter ior direct ion to end dorsal ly on the post-occipi ta l 
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r idge . I t can be compared with muscle 'No. 28* of D. plexippus. 
Fifth levator of the head (No. 28). This muscle is s l igh t ly 
longer than the fourth levator. I t ar ises by a broad base on the 
protergal stem (T S) s l i gh t l y poster ior to the fourth levator of the 
head. This muscle a l so , dives and on reaching the limits of the protergal 
arm takes an anter ior ly directed right angled turn to run para l le l to 
the fourth levator. I t a l so , ends on the postoccipi ta l ridge s l igh t ly 
raesal to the fourth levator . I t can be compared with muscle 'No. 29' 
of £. plexippus. 
i s 
Sixth levator of the head (No. 29) . This/a very long and 
s tout muscle. I t a r i ses an ter ior ly on the prealar arm (Pra) of the meso-
thorax. The fibres adopt a longitudinal course to end on the post-
occiput ventral to the inser t ion of the fifth levator of the head. I t is 
s imilar to muscle 'd« ' of T. polvphemus (Nuesch 1953) and muscle'No.32' 
of D. plexippus. 
Seventh levator of the head (No. 30) . This muscle also is long 
and s tou t , and ar is ing on the prealar arm (Pra) of the raesothorax la tera l 
to the sixth levator, ends on the postocciput ventral to the insert ion 
of the sixth levator of the head. I t is comparable with mustfle ' d , ' of 
T. Polyphemus and muscle 'No. 30' of D. plexippus. 
Eighth levator of the head (No. 31) . I t is a very long and 
s tout muscle. Star t ing dorsally on the s te rna l apophysis (SA) and running 
in antero-dorsal direct ion i t ends on the dorsal half of the rim of 
foramen magnum ventral to the insert ion of the th i rd levator of the head. 
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I t corresponds with muscle ' d / ' of T. polyphemus and muscle 'No. 27* 
of £ . plexippus. 
Ninth levator of the head (No. 32) . This is a thin muscle 
or ig inat ing on the anter ior bar of the l a t e ra l cervical s c l e r i t e (cvA), 
pos ter ior to that of the second levator of the head. It is inserted on 
the pos toccip i ta l ridge in close proximity to the Insert ion of the 
seventh levator of the head. 
Depressor of the hea^ (No. 33) . I t is a long muscle o r ig i -
nating on the middle of the mesal surface of s ternal apophysis (SA). 
I t is Inserted by a long tendon l a t e r a l ly on the ventral half of the rim 
of foramen magnum (Forg). On contraction th is muscle makes the head 
bend downwards. This is comparable to muscle 'No. 24' of D. plexippus. 
Torsion muscle of the head (No. 34) . This muscle originates 
on the dorso- la te ra l p la te of the pleuron (PI .a) close to l a t t e r ' s at tach-
ment with the protergal arm (TjA). Running in the dorso-ventral direction 
i t is inserted on the t en to r i a l bridge (TB). On contraction this muscle 
moves the head sideways. Ehrlich and Davidson (1961) in D. plexippus show 
two such muscles a r i s ing on the cervical s c l e r i t e s and inserted on the 
t e n t o r i a l bridge. 
Productor of the hea<l (No. 35) . I t Is a small muscle ar is ing 
by a broad base on the s t e rna l apophysis (SA), mesal to the origin of 
the depressor of the head. I t is inserted by a short tendon on the 
pos ter ior bar of the l a t e ra l cervical s c l e r i t e (cvP). The points of 
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origin and insert ion a re , more or less , at the same level . On contrac-
tion the muscle pulls the mesal (ventral)end of the poster ior bar of 
cervical s c l e r i t e backwards. Due to th is action the anter ior bar moves 
forward and thereby, the head is protruded. I t can be compared with 
muscle 'No. 26' of 0. plextppus. 
Reductor of the head (No. 36) . I t is a long muscle ar is ing 
dorsal ly on the s te rna l apophysis (SA) very close to the origin of the 
eighth levator of head and is inserted l a t e ra l ly on the middle portion 
of the anter ior bar of the cervical s c l e r i t e . The contraction of this 
muscle pul ls the anter ior portion of the cervical s c l e r i t e backward 
thereby, the protruded head is brought back to i t s normal posi t ion . It 
is comparable to the miiscle 'No. 25' of 0. plexippus. 
2 . Muscles responsible for the movement of teroum. pleura and 
sternum. 
F i r s t depressor of the proterouro (No. 37) . This muscle arises 
on the anter ior aspect of the prealar arm (Pra) close to the seventh 
levator of the head. Running ventro-dorsally i t ends on the protergal 
stem (T.S) close to the fourth levator of the head. I t is comparable 
with muscle 'No. 34' of D. plexippus. 
Second depressor of the proteraum (No. 38) . This muscle also 
a r i ses on the anter ior aspect of the prealar arm mesal to the f i r s t 
depressor of protergum. The fibres running l a t e ra l to the f i r s t phragma 
(IPh), cross the f i r s t depressor to end on the apex of the protergal stem. 
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This may be compared with muscle 'No. 33' of D. plexippus. 
Fi rs t protractor of the proterqum (No. 39). I t ar ises on 
the dorsal p la te of the propleuron and descends almost s t ra ight to end 
on the proximal portion of the protergal arm. TTiis can be compared with 
muscle 'No. 40' of D. plexippus. 
Second protractor of the proterqum (No. 40) . This is a very 
small but comparatively broad muscle. It ar ises by a broad base on the 
dorsal p la te of the pleuron close to the f i r s t protractor of the pro-
tergum and ascends almost s t r a igh t to end on the middle portion of the 
protergal arm (T.A). I t can be compared with the muscle 'No. 36' of 
D. plexippus. 
Levator of the propleuron (No. 41) . I t is a thin muscle 
a r i s ing on the f i r s t phragma (IPh) . The fibres run obliquely to be 
inserted on the dorsal p la t e of the propleuron, poster ior to the l e t t e r ' s 
attachment with the protergal arm. 
Levator of the presternum (No. 42). I t is a short thick 
muscle a r i s ing on the ventral aspect of the raesothoracic prealar arm 
(Pra) s l i gh t ly la te ra l to the f i r s t depressor of protergum. I t runs 
obliquely to end on the apex of the s te rna l apophysis (SA). I t is 
comparable with muscle 'No. 39' of D^ . plexippus. As the prealar arm is 
mesothoraeic in or ig in , th i s muscle natural ly becomes intersegmental 
one. 
Retractor of the presternum (No. 43) . I t is a small muscle 
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running between the dorsal margin of the s te rna l apophysis (SA) and the 
spina (s>pn). I t can be compared with muscle 'No. 46' of D. plexippus and 
'No. 37' of P. danoleus. 
3 . Muscles maiply responsible for the movement of the forelegs. 
As the forecoxa has only pleural a r t i cu l a t i on , i t s movements are 
less r e s t r i c t ed as compared to those of the middle and hind-legs. The 
following muscles control the movement of the foreleg. 
F i r s t promotor of the coxa (No. 44) . I t is a very strong 
fan-'Shaped muscle whose fibres take origin on the undersurface of the 
propleuron. This muscle ends by means of a short tendon on the anter ior 
portion of the proximal rim of the coxa close to i t s a r t icu la t ion and 
serves to move the coxa forward. Unlike that of ^ . deesae (Alam, 1951) 
th i s muscle consists of a s ingle large bundle and may be compared with 
the ' ^ i eu ra l productor' of forecoxa of the wasp (Duncan, 1939). 
Second promotor of the coxa (No. 45) . This is a small muscle 
with i t s fibres spread on the l a t e ra l surface of the raid-longitudinal 
r idge of the basisternura. The fibres converge on a small tendon which 
ends on the anter ior portion of the proximal rim of the coxa close to 
i t s a r t i cu la t ion but an te r ior to the f i r s t promotor muscle. I t can be 
compared with muscle 'No, 48' of D. plexippus and muscle 'No. 50' of 
P. demoleus. 
F i r s t remotor of the coxa (No. 46) . I t is a very long and 
thin muscle. Originating on the apex of the protergal stem (T.S) and 
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descending almost straight, it is inserted on the posterior portion of 
the proximal rim of the coxa close to its articulation point. This 
muscle is an unusual one as it becomes broader towards insertion and 
narrower at the starting point. The present writer regards this muscle as 
a very strong remotor of the coxa. Due to the contraction of this muscle 
the foreleg is brou^it back from the forward position. It is comparable 
with muscle 'No. 37' of D. plexippus. 
Second remotor of the coxa (No. 47). It is a small but stout 
muscle originating on the distal end of the profurcal arm (SA). The 
fibres converge to form a small tendon which is inserted on the posterior 
portion of the proximal rim of the coxa very close to its articulation. 
Thus, its point of insertion lies anterior to the first remotor. It may 
be compared with the 'furcal rotator' of the forecoxa of the wasp. 
Third remotor of the coxa (No. 48).' This muscle starts from 
the outer (lateral) side of the dorsal plate of propleuron and running 
in postero-ventral direction ends on the posterior portion of the 
proximal rim of the coxa in between the first and second remotors. On 
contraction this muscle also pulls the coxa backwards. 
Fourth remotor of the coxa (No. 49). It is a very long and 
narrow muscle originating on the tentorial bridge (TB). It runs obliquely 
downwards to end on the posterior portion of the proximal rim of the coxa, 
just posterior to the first remotor muscle. Ehriich and Davidson (1961) 
in D. Plexippus and Srivastava (1961) in P. demoleus. have reported a 
similar muscle. Alam (1951) in £; deesae. has labelled a similar muscle 
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as'3rd remotor of coxa* but he has shown cervical sclerite as the place 
of origin of this auscle. On contraction it pulls the coxa backwards. 
Retractor of the coxa (No. 50). This muscle arises on the 
first half of the furcastemam. Its fibres running almost parallel are 
inserted on the undersurface of the coxa at some distance below its arti-
culation point. It is a strong muscle and on contraction brings an 
immediate retraction of the forecoxa. It may be compared with muscle 
•No. 52' of P. demoleus. 
First coxal levator of the trochanter (No. 51). This muscle 
arises on the anterior wall of the coxa. The fibres end on a tendon 
which is associated with the dorsal apodeme of the proximal tim of 
trochanter. It can be compared with muscle 'Cx2a' of T. polvphemus. 
Second coyal levator of the trochanter (No. 52). This muscle 
is a very small one arising on the mesal wall of the coxa near its distal 
end. It is Inserted on the dorsal apodeme of the proximal rim of trochanter 
slightly posterior to the first levator. It may be compared with muscle 
'Cx2b' of T. polvphemus and muscle 'No, 54' of £. demoleus. 
Pleural depressor of the trochanter (No. 53). It is a long 
muscle arising on the undersurface of the mesal portion of ventral plate 
near its fusion with the furcal arm. After entering the lumen of the 
coxa the fibres of this muscle converge to form a tendon which is inserted 
on the ventral apodeme of trochanter. It can be compared with muscle 
'pvb' of T. polvphemus. 
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Productor of the femur (No. 54). This small thick muscle 
originates from the distal half of the dorsal wall of trochanter and 
ends on the dorso-proximal margin of the femur. This muscle is usually 
absent in other Insects but in ^. mauritia it is well represented. It 
has also been recorded in P. danoleus (Srlvastava,196l). 
Reductor of the femur (No. 55). It is a long and thin muscle 
arising on the ventral half of the proximal rim of trochanter. Its 
fibres run almost parallel to the ventral wall of the trochanter to end 
on the posterior triangular apodeme of femur. This muscle is comparable 
with muscle 'No. 57' of P.. demoleus. 
Extensor of the tibia (No. 56). It is a long pinnate muscle 
whose fibres arise all along the dorsal wall of the femur. The fibres end 
on a tendon which is inserted on the dorsal half of the proximal rim of 
tibia. It is comparable with muscle 'No. 58* of P. demoleus. 
Depressor of the tibia (No. 57). It is also a long and pinnate 
muscle arising along the ventral wal] of femur to end en a long ventral 
apodeme of the proximal rim of tibia. Functionally, it is antagonistic 
to the extensor of the tibia. It is comparable with muscle 'No. 172' 
of D. plexippus and muscle 'No. 60' of P. demoleus. 
Accessory depressor of the tibia (No. 58). This small fan-
shaped muscle arises on the distal portion of the dorsal wal] of femur. 
It is inserted by a short tendon very close to the point of insertion 
of the depressor of the tibia. It is comparable with muscle 'No. 59' 
of P.. demoleus and muscle 'No. 174' of D. plexippus. 
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Productor of the tarsus (No. 59). It is a small fan-shaped 
muscle arising on the distal portion of the ventral wall of tibia to 
be inserted on the raised dorsal margin of basitarsns. It is comparable 
with muscle 'No. 61' of P. demoleus. 
Reductor of the tarsus (No. 60). This very small muscle 
starts from the distal portion of the ventral wall of tibia just below 
the productor muscle. Its insertion l ies on the ventral proximal margin 
of basitarsus. It is comparable with muscle 'No. 62' of P. demoleus. 
Flexor of the claws (No. 61). This muscle arises on the 
proximal rim of femur and on i t s course is flanked by the extensor and 
depressor of t ib ia . The fibres converge on a long tendon in the distal 
half of femur. The tendon while passing through the proximal half of 
the lumen of tibia receives a bundle of muscle fibres there and ultimately 
ends at the base of the unguitractor. The contraction of this muscle 
effects the withdrawal of the unguitractor into the distal end of the 
last tarsomere, with the result that a force is applied on the base of 
the claws which are consequently flexed. 
(vi ) Structure of the mesothorax 
(Figs. 41,42.43,44.45,46,47,54,67 & 69) 
The mesothorax is the largest among a l l the thoracic segments 
and occupies almost three-fourths area of the thoraii. It is compact 
with various parts well developed. Its arched nature together with the 
thickened margins enables i t to withstand the pressure caused by the 
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powerful leg and wing muscles. 
Mesoterqum. The dorsum of the raesothorax consists of a 
segmental mesotergum and an intersegmental phragmanotum. The latter is 
secondarily contiguous with raetatergura. The mesotergum is convex and 
occupies greater part of the dorsum of the pterothorax. It can be 
compared with mesothoracic alinotum of winged insects . It is subdivided 
into prescutum, scutum and scutellum. 
Prescutum (Prsc^). The ventrally directed anterior most 
s c l er i t e of the mesothorax is the submarginal narrow prescutum, demar-
cated from the rest of the mesotergum by a dist inct prescutal suture 
( t s ) . The latter is internally represented by a weak prescutal ridge. 
In i t s middle, the suture takes an anteriorly directed sharp bend thereby, 
reducing the prescutum to a very narrow bridge. Anteriorly, a portion 
of the prescutum is emarginated for the base of the protergal stem (T.S) 
to f i t into i t . In the wasp and the honey bee, Duncan (1939) and Snodgrass 
(1956) respectively do not show any trace of the prescutal area. However, 
in S^ . deesae. Alam (1951) has shown a submarginal 'prescutum*. 
The intersegmental acrotergite (PN,), as a pair of narrow plates, 
is united along greater part of the anterior margin of the prescutum. 
The intervening space between the acrotergal plates is traversed through 
by the protergal stem to f i t into the concavity of the prescutum (PrsArc). 
Srivastava (1962) in P.. demoleus. describes the acrotergite as a single 
marginal plate while Madden (1944) in P.. sexta. and Ehrlich (1958) in 
D. plexippus. do not mention the presence of this sc ler i te . In S.mauritia. 
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the l ine of fusion of the acrotergal plates with the prescutum represents 
the antecostal suture (acs) which is represented in two pa r t s . The 
antecostal suture is in te rna l ly represented by a broad f lap- l ike bilobed 
f i r s t phragma ( iPh) . Ehrlich (1958) in D. plexippus. describes a 
phracpma with 'phragmal arms ' . However, no 'phragraal arms' are found 
in £. mauri t ia . Krammer (1944) in A^ . oblongifolia and Niiesch (1953) in 
T, polyphemus. name the acro terg i te as ' p r e t e r g i t e ' and ' p o s t t e r g i t e ' , 
respect ive ly . Srivastava (1962) in P.. demoleus. ca l l s the f i r s t phragma 
as the 'antephragma'. He is of the opinion that since there are three 
phragmata in the thorax, these should be named as 'antephragma', 
'midphragma', and 'postphragma'. Parsons (1969) in Aphelocheirus 
ae s t i va l i s F . . however, ca l l s them as ' f i r s t ' , 'second' and ' t h i rd 
phragma' respect ively. 
Scutum (Sct«) . The d i s t i nc t l y convex scutum forms the 
largest part of the alinotum. I t is limited between the prescutal 
suture ( t s ) and scutoscute l la r suture (vs ) . Each l a t e ra l margin of the 
scutum is i r regular and is modified to provide a r t i cu la t ion to the 
ax i l l a ry s c l e r i t e s of the wing base. The scutum is devoid of subdivisions 
due to the absence of both transverse and longitudinal su tures . A, more 
or less , s imilar condition has been reported in L. migratoria. by 
Albrecht (1953), in the honey bee. by Snodgrass (1956) and in A. aecnroti 
by Christopheres (I960). The an tero la te ra l angle of the scutum is 
produced into the ventra l ly directed prealar arm (Pra) . The l a te ra l 
margin jus t poster ior to the prealar arm has developed an oblique fissure 
(of) but the fissures of the two sides fa i l to meet each other and thus 
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the scutum is saved from being subdivided. Posterior to this fissure 
and extending upto the wing base the lateral margin of the scutum is 
concave and has been named as 'tegular incision' by Madden (1944) in 
P.- sexta. The remaining portion of the lateral margin is highly irregular. 
In the middle it is produced into two distinct knobs. The anterior knob 
which is directed posteriorly, provides articulation to the first axillary 
sclerite (lAx) and is, therefore, taken as anterior notal wing process 
(ANP), The posterior knob is anteriorly directed to provide secondary 
support to the first axillary sclerite. This projection should not be 
confused with the anterior notal wing process and is here named as 
pseudo-anterior notal wing process (PANP). The base of the anterior 
notal wing process is separated from the scutum by a distinct secondary 
ridge (rMj), Ehrlich (1958) in D. plexippus. calls it as 'scutal ridge'. 
The anterior notal, and pseudo-anterior notal wing processes enclose an 
incomplete oblique fissure where the antero-raesal angle of the first 
axillary sclerite rests. This fissure has been differently labelled by 
various workers, e.g.. Madden (1944) in P^ . sexta, calls it 'notal incision' 
Ehrlich (1958) has labelled it as 'scutal incision*, and Nuesch (1953) 
names it 'tergal fissure'. As this oblique fissure helps the wing base 
conjunctiva to penetrate the scutum a little distance, it is appropriate 
to label it as axillary fissure (Axf). 
The true anterior notal wing process and the pseudo-anterior 
notal wing process are comparable with the 'subalare' and 'adnotale' 
respectively of P. sexta. Nuesch (1953) in T^. polyphemus. labels the 
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anterior projection as the anterior notal wing process while the 
posterior projection as the median notal wing process. Ehrlich (1958) 
is of the opinion that the two projections namely the 'subalare' and 
the 'adnotale' are two processes of the anterior notal wing process. 
The 'anterior notal wing process' has been taken to be scutal 
in origin by Weber (1933), Snodgrass (1935), Hasken (1939), Rawat 
(1939), Crarapton (1942), Bonhag (1949), Ferris (1950), Qadri and 
Aziz (1950), Niiesch (1953), Matsuda (1956), Spragne (1956), Ehrlich 
(1958), Chrystopheres (I960) and Dhillon (1966). Alam (1951) and 
Akbar (1957), however, regard the 'anterior notal wing process' to have 
been contributed by the meso-prescutum. 
The lateral margin of the scutum, close to its posterolateral 
angle, is produced into an anteriorly directed knob which provides 
articulation to the fourth axillary sclerite (4Ax), and may be taken as 
posterior notal wing process (PNP). Madden (1944) considers it to be 
composed of two processes (adnale, postadnale). Saxena (I960) regards 
the posterior notal wing process as belonging to the scutellum which 
is rather an incurrect interpretation. 
Scutellum (Sclg). The scutellum is subtriangular in shape 
and separated from the scutum by an incomplete inverted 'V'-shaped 
scuto-scutellar suture (vs). It is Internally represented by a distinct 
ridge (vr). The lateral as well as, posterior margins of the scutellum 
are bent downwards. The axillary cord (AxC.) of the forewing is 
continuous with the posterior margin of the scutellum (Scl»). Snodgrass 
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(1956) in the honey bee also shows the ax i l l a ry cord as continuation 
of the poster ior margin of the scutellum. In S^ . mauri t ia . the posterior 
margin of the scutellum is separated from the second phragraanotum (raeso-
postnotum) by broad conjunctival membrane (nb) excepting the la tera l 
ends where i t has developed ba l l and socket l ike a r t icu la t ion with the 
phragmanotum. 
Mesopostnotum (PN_). The raesopostnotum is a broad s c l e r i t e . 
I t is narrow in the middle but gradually broadens outwards. I t s two-
th i rds portion is runover by the raesoscutellura (Scl^) . The postnotum 
is separated from the mesoscutellum by a broad membrane (mb). The 
l a t t e r is extensive in the middle and narrow l a t e r a l l y . The membrane 
a f t e r s t a r t i n g from the pos ter ior margin of scutellum, runs almost 
pa ra l l e l to the concealed part of the postnotum before i t f inal ly 
merges with i t s an ter ior margin. In D. plexippus (Ehrlich, 1958) and 
P.. danoleus (Srivastava, 1962) have also reported a membranous connection 
between the two s c l e r i t e s which is very narrow. The poster ior margin 
of the exposed part of postnotum is completely in sce lero t ic contiguity 
with the prescutum of the metathorax. Thus, i t is logical to consider 
th i s intersegmental t e r g i t e between raeso-, and metaterga, to have shifted 
towards metathorax to become secondarily a par t of the metathorax. The 
postnotum is absent in the mesothorax of L. miqratoria (Albrecht, 1953), 
S. dees a e (Alara, 1951), P^ . americana (Snodgrass, 1952) and the honey 
bee (Snodgrass, 1956). I t may be noted that the in te r te rga l s c l e r i t e s 
between pro- , and meso-, and between meso-, and meta-secpnents are uniform 
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in their posterior migration and ultimate fusion with the following 
tergal plates. This may be considered as a rare condition in the 
Lepidoptera. The line of fusion between the postnotum and the prescutum 
(Prsc«) of the metathorax may be taken as antecostal suture. The latter 
internally carries the well developed phragraa (second phragma of the 
thorax) which is broad at the base and gradually tapers outwards. The 
second phragma (2Ph) is placed obliquely downwards and, therefore, 
projects into the lumen of the metathorax. The phragma in association 
with the mes.opostnotura forms an important area for the attachment of 
the dorsal longitudinal muscles of the mesothorax. 
The antero-lateral angle of the mesopostnotum is produced into 
a knob (PNArk) to articulate with the corresponding socket in the lateral 
angle of the scutellum. Ehrlich (1958) in D. plexippns shows the anterior 
angle of the phragma to articulate with the mesoscutum and calls it the 
'phragmal articulation*. The present writer feels that since the meso-
postnotum is present, therefore,there cannot be any direct articulation 
of the second phragma with the scutellum. Laterally the mesopostnotum 
extends out as a flat plate to fuse with the posterior portion of the 
epimeron (Epm^). This may be taken as postalar bridge (Pa). Madden 
(1944) in P.. sexta. does not record the presence of the postalar bridge. 
Ehrlich (1958) in D. plexippus. reports a structure similar to the 
postalar bridge of S^ . mauritia. and calls it postalar portion of the 
epimeron. This shows that postalar bridge in D. plexippus. is epimeral 
in origin which is in contradiction to the conventional origin of this 
structure (Snodgrass, 1935). 
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Mesopleuron. The mesopleuron is well developed. The two 
mesopleura In association with the mesosternura form the entire latero-
ventral area of the raesothorax. The irregular dorsal margin of the 
pleuron commences near the postalar bridge (Pa) and ends with the 
pleural wiag process (PWP). The anterior margin stretches between the 
base of the pleural wing process and the anterior portion of the coxal 
socket. The raesal margin runs between the transverse fissure (Trf) and 
anterior end of the sternopleural suture (Spls) . The posterior margin 
starts from the coxal socket and limiting the eplmeron posteriorly ends 
close to the postalar bridge. The ventral margin forms the antero-
lateral rim of the coxal socket. 
The pleuron is divided into an anterior episternum and a posterior 
epimeron by the presence of pleural suture (P i s ) . The latter takes up 
an irregular course between the pleural articulation of the coxa (CxP) 
and the base of the pleural wing process (PWP). It is represented internally 
by a dist inct pleural ridge (Plr) . 
The episternum is larger than the epimeron. Dorsally, i t is 
produced into a blunt pleural wing process (PWP). The latter is placed 
opposite to the anterior notal wing process (ANP), and serves as fulcrum 
for the forewing by providing articulation to the second axillary 
s c l er i t e (2Ax). Madden (1944) shows that the pleural wing process is 
an extension of the antero-lateral portion of the epimeron. The epi-
sternum in S^. mauritia is subdivided by a prominent transverse suture 
into a dorsally placed anepisternum and a ventral katepisternura. The 
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suture is provided with a distinct ridge and may be called as trans-
episternal suture (Trs) connecting the mesal margin of the episternum 
with the pleural suture (Pis). Bonhag (1949) in the horsefly, and 
Ferris (1950) in D. melanoqaster. call it as 'episternal suture' and 
'pleural cleft', respectively. Snodgrass (1935) terms it as 'episterno-
preeoxal suture*, whereas Srivastava (1962) in P.. demoleus. calls it 
'episternal suture'. The trans-episternal suture can also be compared 
with the 'secondary pleural suture' of S_. dees a e (Alara, 1951) which 
divides the episternum into a large dorsally placed anepisternum and a 
ventral katepisternum. A similar suture has been named as 'trans-
pleural suture' by Duncan (1939) in the wasp, but the episternum is not 
shown to be subdivided. 
The anepisternum (AEps) bears the pleural wing process and also 
carries the basalare (Ba) on its dorsal margin. From the base of the 
pleural wing process a moderately broad oblique process extends towards 
the antero-lateral angle of the mesoscutum. lliis may be called as 
tegular arm (TA), whose anterior margin only rests on the scutum but 
does not fuse with it. To the anterior margin of the tegular arm is 
hinged a small sword-shaped sclerite called the tegular plate (TP); 
the latter is otherwise free and lies in the postero-dorsal direction. 
Due to the presence of a hinged joint the tegular plate can be moved 
to 
dorso-ventrally. It is the tegular plate which provides attachment/the 
large tegula (Tg) in its basal region. Each tegula is subtriangular 
in shape and slightly convex sclerotic structure. It covers almost 
the entire wing base of its side. Its broad anterior end lies close 
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to the prealar arm (Pra) while the tapering posterior end extends upto 
the base of the forewing. Its antero-lateral margins are greatly 
thickened and infolded. It is this margin which provides membranous 
attachment between the tegular plate and the tegula. A portion of the 
antero-lateral margin is produced backwards into a long slender process 
(Tga) which passes beneath the base of the forewing. The movement of 
the tegula is indirectly controlled by an unpaired tegular muscle 
connecting the tegular plate with the tegular arm. It Is now clear 
that the tegula is not 'pivoted' on an Immovable arm as claimed by 
Weber (1933), Madden (1944), Nuesch (1953), Ehrlich (1958) and 
Srivastava (1962), but is attached to tegular plate which Itself Is 
capable of movement. Irrespective of this difference the findings of 
all these workers together with that of the present writer go in favour 
of pleural origin of the tegula. However, Alam (1951) in S^ . deesae. 
maintains the prescutal origin of the tegula. 
The kateplsternum (KBps) is more or less triangular in shape. 
Anteriorly it is traversed by an incomplete secondary transverse fissure 
(Trf), which runs parallel to the transef&ternal suture (Trs). The 
katepisternum is further demarcated from anteriorly lying preepisternum 
(PEps) by an oblong suture stretched between the transverse fissure and 
the sternopleural suture. This suture may be named as preepisternal 
suture (Pes). It is represented by a strong Internal ridge (Per) which 
is contiguous with the sternopleural ridge (Splr). The so formed oval 
preepisterna of the two sides are separated by extensive membrane which 
contains the prothoracic spinasternum (Ss ). Shepard (1930) considers 
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the preepis ternal suture as a fa i r ly consistent feature in Lepldoptera. 
The epiraeron (Epm) is 'V-shaped with i t s two ends reaching 
the base of the pleural wing process and the posta lar bridge (Pa). The 
extensive area enclosed by i t s arms is occupied by the ax i l la ry membrane 
(Wmb) with the subalare s c l e r i t e (Sa) lodged in i t as an is land. The 
epimeron Is traversed by two d i s t inc t secondary grooves. The f i r s t groove 
(rMn) runs from the base of the pleural suture (Pis) and takes up an 
i reegular course to end near the base of the pleural wing process (PWP). 
I t is provided in ternal ly with a well developed r idge. I t is comparable 
with the groove which cuts off the so-called 'preeplmeron' from the 
epimeron as shown by Shepard (1930), Madden (1944) and Ehrlich (1958) in 
Lepidoptera, P.. sexta and D_. plexippus. respect ively . Srlvastava (1962) 
ca l l s th is groove 'preepimeral su ture ' separating a small preepimeron. 
The present wr i te r does not agree with these workers and considers the 
so called 'preepimeral su tu re ' as a secondary groove. This obviously 
leaves the epimeron en t i re and undivided. Niiesch (1953) also does not 
show 'preepimeron* in T. polyphemus. The second secondary groove (rlL) 
is incomplete, and runs dorsal ly from the pos ter ior margin of the pleuron. 
The f i r s t thoracic sp i rac le l ies in the intersegmental membrane in 
between the parapatagium and the prealar arm. 
Hesosternum. The mesothoracic sternum is represented by a 
large basisternum (Bsg) and a small furcasternum (PSg). The baststernura 
i s , more or less , t r iangular with i r regular an ter ior margin. The antero-
l a t e ra l margin of the basisternum is separated from the episternum by the 
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sternopleural suture (Spls) while the pos te ro- la te ra l margin is inflected 
and together with the ridge of the sternopleural suture forms a continuous 
carina (mi). The two carinae converge to meet midventrally and form the 
an te r ior limit of the coxal socket (CxCg). The basisternum is divided 
into two ident ica l halves by a midlongitudinal suture (mvs). The la t t e r 
is in te rna l ly represented by a broad ridge (mvr) which assumes the shape 
of a ' k e e l ' . 
Madden (1944) in P . sexta . records a large basisternum with a 
raidventral keel-shaped r idge . Matsuda (I960) in P. excresceng. shows the 
basisternum provided with a 'median longitudinal groove'. According to 
Ferris (1950) in 2- melanoqaster. the midlongitudinal 'discrimal line* 
forms the point of raeetiag of the two pre-epis ternal areas . He, therefore, 
holds that the en t i re ventral p la te of the thorax is formed by the 
pre-episternura. Ehrlich (1958, 1960) in JD. plexippus and Eparqyreus 
c la rus , respectively considers sternopleura of the two sides to have 
fused with each other along a midlongitudinal 'd iscr imen ' . Srivastava 
(1962) in P_. derooleus. suggests that the 'mldventral l ine ' (midlongitu-
dinal suture of S^. mauritla) is formed by the fusion of the two sterno-
pleural su tures . The tendency of the episternum to get merged with the 
sternum is also evident in the wasp (Duncan, 1939); Monodontomerus 
dentines Boh. (Bucher, 1948); S^ . dees a e (Alam, 1951); L.. miqratoria 
(Albrecht, 1953) and the honey bee (Snodgrass, 1956). However, in S. 
raauritia. separate ent i ty of the episternum and the sternum is maintained 
as the sternopleural suture (Spls) and the midlongitudinal suture (mvs) 
ex i s t independently. 
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The extensive basisternum can be conveniently separated from 
almost rectangular and small furcasternum (Fs„) along an Inverted 'V-
shaped sternacostal suture (Scs). The apex of the suture is drawn 
forwards to end near the endosternum (SA). The entire inner surface of 
the suture including the drawn out apex is represented by a broad sterna-
costa (Scr). The basal portions of the suture are very closely approximated 
and the Imperceptible gap is occupied by the basisternum (Bs^). The 
latter fuses with the furcasternum along the sternacostal suture. The 
furcasternum is placed obliquely dorsal to the midlongitudinal ridge 
(mvr) of the basisternum. The proximal portion of the furcasternum 
provides two lateral knobs (sArk) for the sternal articulation of the 
coxa. In L. mioratoria (Albrecht, 1953) and M. remioes (Carbonell, 1959) 
the 'sternellum' (furcasternum) is limited to a pair of lateral areas, 
the median area having been suppressed. There is no trace of the furcas-
ternum in M.. dentjpes (Bucher, 1948), S. dees a e (Alam, 1951), the honey 
bee (Snodgrass, 1956) and A, proxima (Dhillon, 1966). 
Endosternum. At the apex of the drawn out portion of sterna-
costal suture is a distinct pit which may be taken as mesosternal pit 
(ap). This single pit is actually a compound pit formed by the fusion 
of the two mesosternal pits. The pit invaginates to form a small basal 
portion of the sternal apophysis called the body of the endosternum (SA). 
The latter bears a broad anteriorly directed median flap (Ss), serving 
as place of attachment for the promoter muscle of the coxa. The antero-
lateral angles of the body is drawn out into a pair of furcal arms (FA). 
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The latter runs obliquely directed towards the epimeron (Epm) and fuses 
with the dorsal portion of its posterior arm very close to the postalar 
bridge (Pa). This is undoubtedly a very unusUal condition that there is 
no connection between the furcal arm and the pleural ridqe. A similar 
condition has been reported by Madden (1944) in P.. sexta. N^esch (1953) 
in T. polvphemus and Srivastava (1962) in P.. demoleus. However, Ehrlich 
(1958) in D. plexippus. records a pair of primary furcal arms and another 
pair of 'secondary furcal arms'. The former is weakly developed having 
association with the 'pleural ridge'. 
(vii ) Structure of the middle leg 
(Figs. 45, 46, 47 and 48) 
With the exception of coxa, all the segments of the middle leg 
are more or less similar to those of the foreleg which has already been 
described in detail. It is,therefore, proposed to deal only with the 
special features of the middle leg. 
The mesocoxa (CX2) is broad and elongated. Its mesal wall is 
drastically reduced due tothe extension of the proximal lumen of the 
coxa. Such reduction has turned the mesal wall into a narrow sclerotic 
strip separating the proximal and distal lumina of the coxa. The 
proximal rim of the coxa is lodged in oblique-shaped coxal socket (CxC_) 
which is fairly large. The lateral, anterior and mesal parts of the rim 
of coxal socket are sclerotized whereas, its posterior part is formed of 
the intersegmental membrane. The antero-lateral margin of the coxal 
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socket (poster ior margin of the pleuron) possesses an a r t i cu la r knob 
(CxP) in very close proximation of the pleural ridge ( P l r ) . The proximal 
rim of the coxa is large and oblique-shaped with i t s l a te ra l part 
provided with a shallow a r t i c u l a r concavity for pleural a r t icu la t ion 
of the coxa. Similarly, the mesal portion of the proximal rim of coxa 
is deeply eraargtnated and bears a concavity (CxArc) for s te rna l a r t icu-
la t ion . Snodgrass (1956) in the honey bee, has also shown s ternal a r t i -
culat ion in addition to the pleural a r t i c u l a t i o n . Duncan (1939) and 
Alara (1951) however, do not report the s te rna l a r t i cu la t ion for the coxa 
in the wasp and S.. deesae. respect ively . Madden (1944) in P.- sexta. 
shows the coxa as irmnovably Jointed with the pleuron without mentioning 
the s te rna l a r t i cu l a t i on . 
The coxa is traversed by a well developed basicostal suture 
(bcs) extending from the pleural a r t i cu l a r point (CxP) to the d i s t a l rim 
of the coxa. I t has a f a i r ly strong basicosta (Be). The basicostal 
suture divides the coxa into two longitudinal halves; the anter ior ly 
placed 'coxa genuina' (Cxg) and the poster ior 'raeron* (Mer). The two 
coxo-trochanteral a r t i cu la t ions (CxDArk) are borne by the coxa genuina. 
The meron and the coxa genuina are in l ine with the epiraeron and epis-
ternum of the mesopleuron respect ively . Madden (1944) in P.. sexta . shows 
a s imilar basicosta l suture which divides the coxa into anter ior 'eucoxa' 
and pos ter ior 'meron*. Ehrllch (1958) in D. plexippus. also divided 
the coxa into 'eucoxa' and 'meron', but has named the suture dividing 
them as 'coxal s u t u r e ' . Srivastava (1962) in P_. demoleus. labelled the 
- 76 -
two parts of the coxa as 'coxa episteraura' and 'coxa epimeron', peiiiaps 
due to the reason that the subdivisions fa l l in l ine with episternum 
and pleuron respect ively. Besides showing a 'coxal suture ' he has also 
shown a complete baslcostal su ture , submarginal to the proximal rim of 
the coxa. These observations of Srivastava are l iab le to c r i t i c i sm. 
The d i s t a l rim of the coxa is thickened a l l along i t s course with 
the mesal portion emarginated. The mesal portions of the proximal and 
d i s t a l rim have come to l i e close to each other thus reducing the mesal 
wall of the coxa to a narrow sc l e ro t i c s t r i p (CxM). The l a t t e r has been 
named as ' s terno-coxale ' by Nliesch (1953) in T. polyphemus. and Srivastava 
(1962) in P_. demoleus. because the coxa a r t i cu l a t e s with the sternum in 
th i s region. The anter ior and poster ior portions of the rim bear conical 
knobs (CxDArk) for coxo-trochanteral a r t i cu la t ion in the manner similar to 
that of the foreleg. 
The trochanter (Tr) is more or less s imilar to that of the foreleg. 
I t differs from the l a t t e r in being large sized and having s touter a r t i -
cular knobs. The trochantero-femoral jo in t is exactly similar to that 
of the foreleg. The femur (Fm) is larger in s i z e . Its d i s t a l end is in 
dlcondylic a r t icu la t ion with the t i b i a l ike that of the foreleg. The 
t i b i a (Tb) is much larger than that of the foreleg and bears a pai r of 
unequal spurs (Tbs) at the d i s t a l end. The t i b i o - t a r s a l jo in t is raono-
condyllc. The tarsomeres (Tar) are arranged in a manner described in the 
foreleg. Also the pretarsus (Ptar) i s , in a l l respects , s imilar to that 
of the foreleg. 
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(viii)Muscles of the mesothorax 
(Figs . 49.50.51 & 52) 
The muscles of the mesothorax can be divided into two main groups: 
(1) Muscles d i rec t ly or ind i rec t ly responsible for the movement of the 
wings and (2) Muscles responsible for the movement of the legs. 
1. Muscles responsible for the movement of the forewinqs 
The movement of the forewings are controlled by a set of muscles 
functioning as elevators , depressors, extensors and f lexors. 
Indirect pr incipal elevator of the forewinq (No. 62 a , b ) . It is 
a very strong tergo-s ternal muscle consist ing of two d is t inc t bundles. 
The l a t t e r a r i s e on t he an te r ior two-thirds portion of the basisternum and 
running obliquely upwards are inserted on the corresponding la te ra l areas 
of the mesoscutum (Sctp) . When th is muscle contracts the mesoscutum is 
pulled downwards resul t ing in the elevation of the forewings. It is 
homologous to the ' an te r io r tergosternal muscle' of Lepidoptera (Maki, 
1938), 'dorso-ventral muscle' of C, terminifera (Tiegs, 1955), ' l a t e r a l 
te rgosternal muscle' of the honey bee (Snodgrass, 1956). 
F i r s t indirect secondary elevator of the forewinq (No. 63). 
This tergopleural muscle is very small and s t a r t i n g from the outer surface 
of the basalare apodema (BaAp) close to the anter ior margin of anepis-
ternum, takes up antero-dorsal ly directed course to end on the free end 
of the prealar arm (Pra) . The muscle pul ls the anter ior region of the 
tergum downwards, thereby, a s s i s t i ng the pr incipal elevator muscle 
/ '^^y 
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functionally. It can be compared with the 'ordinary tergo-pleural muscle' 
of Lepidoptera (Maki, 1938), muscle *pdj' of T. polyphemus (NUesch, 1953), 
muscle 'No. 68' of D. plexippus (Ehrlich and Davidson, 1961) and muscle 
•No. 71' off. demoleus (Srivastava. 1962). 
Second indirect secondary elevator of the forewino (No. 64). 
This is also a tergopleural muscle and arises on the anterior side of the 
mesonotum (Sct^). Running dorso-ventrally, the muscle ends on the outer 
surface of the basalare apodeme (BaAp) close to the mesal margin of 
anepisternum. The contraction of this muscle helps in flattening the 
anterior portion of the arched tergum and thereby, assists the indirect 
principal elevator of the forewing. It is comparable with the muscle 
•pdg' of T. polyphemus (Niiesch, 1953). 
Third indirect secondary ^levator of the forewino (No. 65 a,b). 
This muscle consists of two bundles which originate on the postalar bridge 
(Pa) and end on the posterior aspect of the scutum (Sct^), lateral to 
the principal depressor and close to the scutellum (Sclp). This is primarily 
a dorsolongitudinal muscle, but, since it runs more or less dorso-ventrally, 
its contraction is likely to flatten the posterior portion of the scutum. 
Thus, functionally this muscle becomes an elevator of the forewing. It is 
comparable with 'second oblique dorsal muscle' of £. americana (Carbonell, 
1947), 'oblique muscle' of Pvrilla perpusilla W. (Qadri and Aziz, 1950) and 
'secondary indirect levator of forewing' of L. varicornis (Akbar, 1957). 
Indirect principal dyprgssffr of the forewing (No. 66, a,b,c,d,e). 
This is the largest muscle of the thorax. Its fibres are arranged in five 
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d i s t i nc t bundles. Originating on the en t i re ventral surface of the second 
phragraa (2Ph), i t runs longitudinal to the inesothorax flanked by the 
two indi rec t principal elevators of the forewings. The fibres end by 
a broad base on the f i r s t phragraa (IPh), prescutum (Prsc„) and a portion 
of the scutum (Sctg) . The present wri ter is in agreement with Alam 
(1951) in regarding these bundles forming a s ingle composite muscle, 
because broadly speaking these bundles have common area of origin and 
insert ion and also they are ident ica l in t he i r course of action and 
function. 
Functionally, this muscle acts as antagonist ic to the indirect 
pr incipal elevator muscle and on contraction pul ls the anter ior and 
pos ter ior regions of the mesetergum towards each other. This causes 
arching of the tergum which resu l t s in the depression of the forewings. 
I t is homologous to the 'dorsal muscle' of Calliphora (Bi t te r , 1911), 
'median dorsal muscle' of Lepidoptera (Maki, 1938), 'dorsal longitudinal 
muscle' of P.. americana (Carbonell, 1947), 'dorsolongitudinal muscle' 
of T. polyphemus (Niiesch, 1953), 'median longitudinal dorsal muscle' of 
the honey bee (Snodgrass, 1956) and muscle 'Nos. 50-54' of D. plexippus 
(Ehrlich and Davidson, 1961). 
F i r s t extensor of the forewinq (No. 67) . This is a small 
muscle which ar ises by a broad base on a portion each of the pre-epis ter-
num (PEps) and katepisternum (KEps) and is inserted by a short tendon 
on the basalare apodeme (BaAp) close to the insert ion of the f i r s t in-
d i rec t secondary elevator of the forewing. I t can be compared with the 
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' s te rno-basa lare muscle' of Lepidoptera (Maki, 1936). This muscle 
also corresponds with the 'p r inc ipa l extensor of the forewing' of 
S.. dees a e (Alam, 1951), muscle ' p v , ' of T. polyphemus (Niiesch, 1953), 
muscle 'No. tf)' of D. plexippus (Ehrlich and Davidson, 1961) and muscle 
•No. 72' of P. demoleus (Srivastava. 1962). 
Second extensor of the forewing (No. 68, a , b ) . This compara-
t ive ly thick muscle consists of two bundles which a r i s e on the marginal 
inf lect ion of the proximal rim of coxa genuina. Running obliquely in 
ventro-dorsal d i rect ion, the fibres are inserted on the inner surface 
of basalare apoderae (BaAp). I t can be ^;aken as 'coxo-basalare muscle' 
of Lepidoptera (Maki, 1938),muscle 'pv«' of T. polyphemus (Niiesch, 1953) 
and muscle 'No. 80* of P.. demoleus (Srivastava , 1962). 
The contraction of the above two extensor muscles pulls down the 
basa l re . This pull is transmitted to the wing with the resul t that the 
l a t t e r extends out. 
F i r s t flexor of the forewing (No. 69, a , b , c ) . It is a thick 
muscle consist ing of three d i s t i nc t bundles. The largest bundle (a) 
takes origin on the ventral margin of the anepisternum jus t above the 
secondary f i ssure . The second bundle (b) ar i ses on the thickened dorsal 
portion of the pleural r idge, and the thi rd (c) which is the smallest, 
a r i ses on the thickened d i r s a l margin of the epimeron close to the pleural 
wing process. All the three bundles join together to end on the inner 
angle of the th i rd ax i l la ry s c l e r i t e (3Ax). The contraction of the three 
bundles exerts enormous pul l on the th i rd ax i l l a ry s c l e r i t e and is 
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responsible for the flexion of the forewing. This muscle is comparable 
with the 'p leuro-axi l la ry muscle' of Lepidoptera (Maki, 1938). Nuesch 
(1953) has also shown i t to be three bundled. Ehrlich and Davidson 
(1961) and Srivastava (1962) however, take them as two separate muscles. 
Second flexor of the foyew^po (No. 70) . I t is a long and 
s tout muscle. The fibres of th i s muscle connect the subalare s c l e r i t e 
(Sa) with the undersurface of the postero-mesal margin of the meron (Her) 
close to i t s d i s t a l end. The contraction of th i s muscle pulls the 
subalare down. 
Originally i t is a leg muscle, but as the sabalare s c l e r i t e is 
lodged in the wing membrane and also that the former is connected with 
the second ax i l la ry s c l e r i t e , the present wr i te r is in agreement with 
Alam (1951) in considering th i s muscle as a flexor of the forewing. 
Snodgrass (1942) however, regards i t a coxal promoter muscle. Srivastava 
(1962) following Snodgrass also takes i t as a leg muscle. 
Third flexor of the forewing (No. 71) . This is a stout but 
shor t spindle-shaped muscle. Arising on the d i s t a l region of the furcal 
arm (FA) i t ends by a short tendon on the poster ior inner margin of the 
subalare (Sa), dorsal to the place of inser t ion of the second flexor. 
The action of th is muscle is transmitted to the second ax i l la ry s c l e r i t e 
(2Ax) thus effecting the flexion of the forewing. 
Depressor of teoula (No. 72). I t is a short fan-shaped 
muscle which ar ises by a narrow base on the tegular arm (TA). Ascending 
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obliquely the muscle gets inserted on the tergular p la te (TP). On contraction, 
i t pulls the tegular p la te downwards which in turn depresses the tegula . It 
i s s imilar to muscle *pd.' of T. polyphemus (Nuesch, 1953) with the difference 
that in th i s insect the muscle is shown to a r i s e on the 'prescutum*. 
Mesothoracic furcopleural muscle (No. 73) . The paired fan-shaped 
small furcopleural muscle ar i ses on the middle of the pleural ridge (P l r ) . Its 
fibres running antero-poster ior ly converge to form a long tendon which is 
inserted on the furcal arm (FA). This is considered to bring back the furcal 
arm which is l ikely to ijindergo s l ight displacement as a resu l t of the antago-
n i s t i c muscles. Similar function has been a t t r ibu ted to such muscle in 
S.deesae (Alara, 1951). I t is also comparable with the 'furco-entopleural 
muscle' of Lepidoptera (Maki,1938), 'anterior pleurosternal muscle' of horsefly 
(Bonhag, 1949), 'P leuro-s ternal muscle' of P.. americana (Carbonell. 1947), 
muscle 'No.79' of the honey bee (Snodgrass, 1956), muscle 'pv^' of T.polyphemus 
(Nuesch, 1953). 
In te rs te rna l muscle between prothothorax & mesothorax (No.73A). 
This muscle ar ises on the prothoracic s ternal apophysis and is Inserted on the 
mesothoracic furcal arm. The contraction of th i s muscle balances the pull on 
the prothoracic s te rna l apophysis, as well a s , mesothoracic furcal arm. 
2 . Muscles responsible for the movement of the mesothoracic leos. The 
movement of the middle legs are controlled by the following muscles:-
F i r s t promotor of coxa (No. 74) . This thick muscle ar ises 
on the pos ter ior half of the l a t e ra l margin of scutum (Sct^) , l a t e ra l 
to the origin of indirect pr incipal elevator of forewing. The fibres 
running in dorso-ventral d i rec t ion , end on the anter ior margin of the 
proximal rim of coxa. I t may be taken similar to the ' t e rga l promotor 
of coxa' of Lepidoptera (Maki, 1938), muscle 'dVg' of T. polyphemus 
- 83 -
(Nu'esch, 1953), muscle 'No. 63' of D. plexippus (Ehrllch and Davidson, 
1961), and muscle 'No. 79' of P. demoleus (Srivastava, 1962). 
Second promotor of coxa (No. 75). I t Is a fan-shaped muscle 
whose fibres or iginate on the middle one-third of the pleural ridge 
( P l r ) . The fibres converge on a long tendon which is inserted on the 
proximal rim of the coxa l a t e r a l to the f i r s t promotor muscle. This 
muscle corresponds with the ' l a t e r a l promotor of the coxa' of S.deesae 
(Alam, 1951) and can also be compared with muscle 'pv^' of T. polyphemus 
(Niiesch, 1953) and muscle 'No. 83 ' of D. plexippus (Ehrlich and Davidson, 
1961). 
Third propiotor of the coxa (No. 76) . This is a very small 
muscle which ar ises on the median flap (Ss) of the s ternal apophysis. 
The fibres converge to form a short tendon with which i t is attached 
on the anter ior half of the proximal rim of coxa, mesal to the insertion 
point of the f i r s t promotor of the coxa. I t may be compared with the 
'mesal promoter of the middle coxa' of Lepidoptera (Maki, 1938). This 
muscle may also be considered similar to the 'productor of the middle 
coxa* and 'mesal promotor of the middle coxa' of wasp and S^ . deesae. 
respect ive ly . 
On contraction, the above three muscles promote the coxa and 
consequently, the en t i re leg is moved forward. 
F i r s t remotor of the coxa (No. 77) . I t is a large muscle 
a r i s ing on the la te ra l margin of the mesoscutum close to the pseudo-
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anterior notal wing process. The fibres running obliquely downwards 
end on the posterior half of the proximal rim of coxa. This muscle 
is similar to the 'tergal remoter of coxa' of Lepldoptera (Maki,1938). 
Second remotor of the coxa (No. 78). It is a small muscle 
arising posteriorly on the furcasternura CFs^) and Is inserted on the 
posterior half of the proximal rim of coxa, mesal to the first remotor. 
This muscle is comparable with the 'ordinary sternal remotor of coxa' 
of Lepidoptera (1938) and 'remoter of the middle coxa' of S.. deesae 
(Alam, 1951). 
Third remotor of the coxa (No. 79). This is a thin muscle 
which arises laterally on the sternal apophysis. The fibres running 
obliquely are Inserted on the baslcosta (Be) close to the distal end of 
the coxa. Since the baslcosta Is posterior to the axis of movement of 
the coxa, it is suggested that the extrinsic muscles arising on it 
should work in assoclfition with the remotors of the coxa which are 
inserted on the posterior half of the proximal rim of coxa. This muscle 
corresponds to the 'sternal remotor of the coxa' of L«pIdoptera (Maki, 
1938) and muscle 'st^* of T. polyphemus (Niiesch, 1953). 
The above three remotors act antagonistic to the promoter 
muscles and their contraction swings the coxa backwards. Consequently, 
the entire leg Is pulled back from its advanced position. 
First levator of trochanter (No. 80). It Is large fan-
shaped muscle, whose fibres arise on the undersurface of the coxa 
genuina. The fibres converge to form a short tendon which is Inserted 
- 85 -
on the dorsal apodeme of trochanter (dApTr). It is comparable with 
'Cxo* of T. polvphemus (Niiesch, 1953) and muscle 'No. 74* of D.plexippus 
(Ehrlich and Davidson, 1961). 
Second levator of trochanter (No. 81). It is small muscle 
originating posteriorly on the mesal half of the meron. The fibres are 
inserted on the dorsal half of the proximal rim of trochanter just 
posterior to the dorsal apodeme. This muscle may be compared with 
•Cxg* of T. polvphemus (Niiesch, 1953). 
The above two levators work tofether in levating the trochanter 
and consequently, the entire leg is raised. 
First depressor of trochanter (No. 82). It is a long and 
stout extrinsic muscle of the trochanter, The fibres of this muscle 
arises on the posterior region of the mesoscutum (Sct^). lateral to the 
midlongitudinal line and end on a long ventral apodeme of trochanter 
(vApTr). This muscle corresponds with the 'Tergo-trochanteral muscle' 
of Orthoptera (Tiegs, 1955). It can also be compared with the 'tergal 
depressor of trochanter' of Lepidoptera (Maki, 1938). 
Second depressor of trochanter (No. 83). It is a long, 
thin muscle arising on the inner surface of the basalare apodema (BaAp), 
posterior to the insertion of the second extensor of the forewing. 
Running obliquely downwards, the muscle is inserted dorsally on the 
ventral apodeme of trochanter (vApTr) proximal to the insertion of 
the first depressor of trochanter. It is similar to the 'trochantero-
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basa la re ' muscle of Lepidoptera (Maki, 1938). 
Third depressor of trochanter (No. 84 ) . It is a small muscle 
a r i s ing on the mesal half of the d i s t a l rim of meron to be inserted 
proximally on the ventral apodeme of t rochanter . I t may be compared 
with coxal depressor of S. deease which Alam (1951) has shown to consisted 
of three bundles. 
The above three depressor muscles work on the ventral half of 
the proximal rim of trochanter which is made to bend upwards. This 
resu l t s in pull ing down the d i s t a l end of the trochanter and consequently^ 
the rest of the leg is depressed. 
The remaining muscles of the raesothoracic legs are s imilar to the 
muscles which have already been reported in the forelegs. 
(ix) Structure of the metathorax 
(Figs. 41.45,46,53,54,55,56,57,58,59,60 & 69) 
The metathorax of Spodoptera mauritia B. . is much smaller than 
the raesothorax. This consequently,is responsible for subsequent reduction 
in different parts of the segment. 
Metaterqum. The metatergum is moderately broad transverse 
s c l e r i t e extending across the dorsum of the thorax in between the raeso-
scutellura (ScU) and the f i r s t tergum of the abdomen (IT) . The anter ior 
par t of the metatergum is concealed, whereas the major poster ior part is 
exposed and arched. This concealment of a portion of the metatergum is 
due to the poster ior extension of the mesoscutellum. The metatergum is 
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an te r io r ly fused with the raesopostnotum (second phragraanotura : PN„) 
while i t s poster ior margin is fused with the f i r s t abdominal tergura 
( IT) . A narrow membrane exis ts between the metaprescutum (Prsc«) 
and the raetascutum (Scto). as well as, between the raetascutellum (Scl«) 
and the metapostnotum ( th i rd phragmanotum : PN.). Such membranous 
interventions provide intra-segmental flexure to the raetathorax. Laterally, 
the metanotum is in membranous continuity with the pleura except in i t s 
pos ter ior portion where the th i rd phragmanotum is in sc le ro t i c contiguity 
with the metaepimera. Since the hind wings are also functional, the 
metatergal subdivisions, are broadly in conformity with the subdivisions 
of the mesotergum. The metanotum can conveniently be divided into an 
an te r io r alinotum and a poster ior postnotum (phragmanotum). The alinotum 
is again d iv i s ib le into prescutum, scutum and scutellum, 
Prescutum (Prsc - ) . The prescutum is represented in the form 
of a narrow subraarginal p l a t e , which under normal condition is completely 
concealed by the poster ior extension of the mesoscutellura (Scl^) . The 
an te r io r margin of the prescutum which is vent ra l ly directed Is merged 
with the second thoracic ac ro te rg i te (second phragmanotum) along the 
course of the antecostal suture (acs ) . The l a t t e r is represented by a 
well developed antecosta (second phragma : 2Ph). The poster ior margin 
of the prescutal p la te assumes a dorsally placed posi t ion, and is 
emarginated to allow the metascutum (Sct«) to f i t in . The prescutum 
Is separated from the scutum by an incomplete f issure which is f i l led 
by cojunctiva. This f issure ( t f ) i s the transformed form of the 
prescutal suture ( t s ) which is present in an obl i tera ted condition only 
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in the an te ro - l a t e ra l region of the tergum. where i t keeps the small 
l a t e r a l lobes of the prescutum, i . e . , the prealar arm (Pra) in sc le ro t ic 
contiguity with the an te ro - l a t e ra l margin of the scutum. The in te r -
vening membrane renders the prescutum flexibly movable over the scutum. 
Madden (1944) in P.- sexta . Akbar (1957) in L. var icorn is . Ehrlich (1958) 
in SL' plexippus and Srivastava (1962) in P. demoleus. do not report 
the presence of the prescutum; whereas, Richards (1933) in Noctuoidea 
and Nuesch (1953) in T. polvphemus. have labelled the anter ior portion 
of the metanotura as 'Prescutum' in the i r respect ive drawings. Treat 
(1959) in Crymodes devestator B. , separates the prescutum from the 
scutum in almost s imilar manner as recorded in S. mauri t ia . 
Scutum (Sctg) . The metascutum is anter ior ly bounded by the 
prescutal f issure ( t f ) . Poster ior ly i t is demarcated from the scutellum 
by a zigzag scutoscutel lar suture (vs) having an unusally broad internal 
r idge. The i r regular l a t e ra l margin of the scutum is modified to provide 
a r t i cu la t ion to the hind wing. The metascutum is medially narrow and 
l a t e r a l l y expanded. Since a l l the three portions are contiguous, i t 
is suggested to ca l l the middle one as scutal bridge (SctB) and the 
l a t e ra l s as scuta l lobes (SctL). Each scutal lobe is roughly rectan-
gular with broad la te ra l margin. The l a t t e r bears two d i s t inc t pro-
jec t ions which may be taken as anter ior and poster ior notal wing 
processes. The former (ANP) provides a r t i cu la t ion to the f i r s t axilary 
s c l e r i t e (lAx) and the l a t t e r (PNP) to the th i rd ax i l la ry s c l e r i t e (3Ax). 
Besides these two projections the anter ior half of the la te ra l margin 
bears a blunt process which is named as pseudo-anterior notal wing 
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process (PANP), It provides secondary support to the first axillary 
sclerite (lAx). Madden (1944) in P. sexta. calls the anterior notal 
wing process as 'suralare' and the posterior one as 'adnale'. 
An oblique groove (r,) starting from the base of the posterior 
notal wing process runs submarginal to the posterior margin of the 
scutum to end near the scutellum. This groove is internally represented 
by a distinct broad ridge (rp) which projects as a flap into the body 
cavity. The ridge is called 'spanlieste* by Eggers (1919) and 'scutal 
phragma* by Richards (1933). Treat (1959) in £. devastator, retains 
the terminology suggested by Richards. These authors take it as a 
modification of the scutum to serve as dorsal brace for 'tympanic air 
sac', 
Scutellum (Sclg). The metascutellum is distinctly arched 
and Its two lateral ends are extremely narrow. Anteriorly it is separated 
from the scutum by the well developed scutoscutellar suture (vs). The 
latter as already pointed out Is provided with an unusually broad 
internal ridge (vr). The inner margin of the scutoscutellar ridge 
extends posteriorly towards the base of the secondary extension (to 
be described later) of the metapostnotum. But it falls to develop 
secondary confluence with the latter in the middle. This condition 
makes the scutellum to reduce its ventral-wise opening into a small 
central passage (a,). Posteriorly the scutellum is fused with the meta-
postnotum (third phra<panotum : PN„). However, this sclerotic contiguity 
Is interrupted in the middle by a narrow stretch of membrane (a«) which 
is certainly inter-segmental in origin and consequently, makes the present 
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writer proclaim that the sclerotic contiguity between the metascutellum 
(Sclo^ 8nd the phragmanotum (PN«) is a secondary confluence between 
these two sclerotic plates. The antero-lateral angle of the scutellum 
is extended in the form of a flap of membrane which is known as alula 
(Al). The axillary cord (AxCj) received by the scutellum forms the 
outer boundary of the alula and gives further support to it. The alula 
serves to cover the tympanic membrane from above. Richards (1933) and 
Treat (1959) have also recorded the presence of alula. 
Metapostnotum (PN^). The third intertergal plate (acroter-
gite) forms the metapostnotum (third phragmanotum). Since a distinct 
though narrow stretch of membrane (a^) is present between the metascutellum 
and the metapostnotum hence the intersegmental nature of the metapostnotum 
cannot be challanged. Excepting this narrow median interruption the 
entire anterior margin of the metapostnotum is so intimately fused with 
the posterior margin of the scutellum that it looks like a part of the 
metathoracic tergum. This condition is just opposite to what has been 
recorded in the mesothorax where the second phragmanotum has dissociated 
itself completely from the alinotum to get fused with the succeeding 
segment. Nuesch (1953) in T. polyphemus. does not show at all any con-
junctival intervention between the posterior margin of the metascutellum 
and the anterior margin of the postnotum. He also shows sclerotic 
contiguity of the postnotum with the first abdominal tergum which is a 
case in S^ . mauritia as well. These findings have created a condition 
in which the intersegmental actotergite has broken the generally accepted 
principle by virtue of which the acrotergite should normally Join either 
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the preceding pla te or the following p la te but not the both. The 
present wr i te r is of the opinion that the fusion of the intersegmental 
ac ro te rg i te with the scutellum is only a secondary condition where the 
intervening membrane is replaced by sc l e ro t i c p la te e i ther completely 
as in T. polvphemus. or incompletely as in ^ . mauri t ia . Further, the 
metapostnotum i t s e l f has gone peculiar s t ruc tu ra l modifications, so far, 
not recorded in insec ts . These pecu l i a r i t i e s may be a t t r ibuted to the 
presence of the tympanal organs in the metathorax. 
The metapostnotum (PN„) in S. mauri t ia . is *X'-shaped and 
obliquely placed, with the anter ior margin directed downwards. The 
l a t e ra l margins of the postnotum are greatly emarginated with the resul t 
tha t the an te ro - l a te ra l angles become highly acute and conspicuous. 
This unusual form of the l a t e r a l margins has made the postnotum 'X'-
shaped. The poster ior margin is merged with the antecostal suture 
(acs ) , and the l a t t e r in te rna l ly develops a narrow band-like antecostal 
r idge . The ridge obviously becomes the th i rd phragma (3Ph) which 
provides attachment to the dorsal longitudinal muscles of the abdomen. 
The free middle portion of the anter ior margin of the postnotum 
gives origin to a poster ior ly directed column-like sc le ro t ic extension 
which has been regarded as the secondary p l a t e of postnotum ( b . ) . This 
secondary extension is lying obliquely dorso-ventral in respect to the 
body a x i s . The poster ior end of the secondary p la te bifurcates into two 
fa i r ly broad arms. Each arm (bg) af ter running a distance directed 
l a t e r a l l y curves forward to extend upto the narrow antero- la te ra l angle 
of the meta-postnotum with which i t is completely fused. The l a te ra l 
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arm (bg) is roughly demarcated into basal and apical halves. The 
entire basal half is obliquely extended posteriorly in the form of 
an extensive tough membrane, under the first abdominal tergura. There-
from, the membrane bends upwards and extends forward to end along the 
lateral portion of the anterior margin of secondary postnotum. Thus 
a sac-like structure is formed which may be taken as membranous portion 
of the secondary postnotum (c,). The two such sacs of the two sides 
combiningly form extensive sac. However, their separate entities can 
be justified by the presence a median septum (C2) separating them. It 
is now clear that the findings of the present writer about the meta-
postnotum (third phragraanotum) and Its details have been for the first 
time recorded in Lepidoptera. It can be further said that such descrip-
tion of the metapostnotum is new for insecta as a whole. 
Metapleuron. The raetapleuron is greatly modified due to 
the development of tympanal complex which makes it to differ considerably 
from the pleuron of the mesothorax. The irregular dorsal margin of the 
pleuron commences at the pleural wing process (PWP) to end near the 
lateral margin of the scutum a little anterior to the second axillary 
sclerite (2Ax). The anterior margin is short and starts from the pleura] 
wing process and on its way curves down to become continuous with the 
segmental basisternum (Bsg). It includes the basalare pad (BaPd). The 
anterior margin also provides a distinct concavity for the articulation 
of the basalare. The ventral margin is obliterated due to unusual 
lateral extension of the metasternum (basistemm) to become confluent 
with the pleuron in the region of the basalare pad. However, the pleuron 
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may be separated from the basisternum by a d i s t i nc t sternopleural 
suture (Spls ) . The extensive poster ior margin is i r regu la r . I t s 
major portion forms the an te ro- la te ra l limit of the coxal socket (CxC«) 
and provides membranous suspension to the th i rd coxa (Cx^). The pleural 
a r t i cu la t ion for the coxa (CxP) is borne on i t . 
The pleuron is subdivided into extensive episternum (Eps„) and 
epimeron (Epm^) by the pleural suture (Pis) which extends from the 
coxo-pleural a r t i cu la t ion to the base of the pleural wing process. The 
pleural ridge (Plr) is d i s t i nc t throughout. The base of the suture 
possesses a small p i t (Pla) which is in te rna l ly produced into the 
pleural apophysis (PIA). 
The episternum is roughly rectangular. Unlike the mesothoracic 
episternum i t is in the form of s ingle continuous p la te devoid of any 
subdivis ions. Similar undivided condition is reported in the metaepi-
sternum of P.. sexta (Madden, 1944) and T. polyphwnus (Niiesch, 1953). 
However, in ^ . plexippus (Ehrlich, 1958) and P. demoleus (Srivastava, 
1962) the episternum is shown to consist of anepisternum and katepis-
ternum. 
The episternum is smaller than the epimeron. Unlike the meso-
thorax, the pre-epis ternal suture and preepisternum are wanting. Madden 
(1944) in £. sexta. also does not show the preepisternum. Moreover, he 
shows the episternum confluent ventra l ly with the basisternum, such 
confluence would have been met in S^ . mauritia a l so , had the sternopleural 
suture been absent. However, Niiesch (1953), Ehrlich (1958), and 
Srivastava (1962) have reported the presence of pre-episternum of varying 
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strength in their respective insects. 
The episternum in S^ . mauritia. is traversed by two secondary 
grooves. The first groove (rg) is submarginal connecting the pleural 
suture (Pis) with the sternopleural suture (Spls). The second secondary 
groove (ro) starts at the base of the basalare pad (BaPd) and running 
parallel to the pleural suture bends witwards to end at the first secondary 
groove. The second groove is internally represented by a conspicuous 
broad and strongly sclerotized plate (EpsPl). This plate assumes horizontal 
condition instead of the normal vertical condition and its two ends 
(upper and lower) fuse with the episternum to form a 'pocket' named as 
episternal pocket (EpsPt). This plate becomes the area of origin for 
axillary muscles. Such episternal pocket has been recorded for the first 
time in Lepidoptera. Besides serving as a place of origin for axillary 
muscle, this plate gives strength to the otherwise weak episternum. 
The anterior margin of the episternum possesses a weakly sclerotized 
circular pad-like structure which may be compared with the 'basalare 
pad* (BaPd) of other Lepidoptera (Shepard, 1930) and P. sexta (Madden, 
1944). The second thoracic spiracle (Spg) lies in the intersegmental 
membrane close to the basalare pad. 
The epimeron (Epmg) is well developed. It is very irregular and 
compact due to the presence of tympanal complex in its posterior region. 
For convenience sake, the epimeron may be subdivided along an oblique 
secondary groove (r^) into an anterior and a posterior portion. The 
anterior portion is drawn upwards into an extremely narrow plate bearing 
the pleural wing process (PWP). The latter is blunt and provides 
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articulation to the second axillary sclerite (2Ax). Ehrlich (1958) 
and Srivastava (1962) think that both episternum and epimeron contribute 
to the formation of the pleural wing process. However, this attribution 
largely depends on the course of the pleural suture. 
The posterior portion of the epimeron is a semi-elyptical sclero-
tized plate. Its anteriorly directed dorsal end comes close to the base 
of the subalare sclerite (Sa), opposed to the scutum from which it is 
separated by a narrow stretch of membrane. Ventrally the posterior 
portion of the epimeron is continuous with the segmental furcasternum. 
Considerable portion of the epimeron projects into the first abdominal 
pleuron to a certain distance and then curves to return along the same 
course. The two so formed walls fuse to become thick semilunar plate. 
It is this plate which is responsible for the formation of the tjnnpanal 
frame. Several secondary grooves with well-developed ridges traverse 
the tympanal frame. The ridges are so arranged as to give the appearance 
of small pouch-like structures which become the auditory pockets. These 
pockets can be grouped according to their positions into a dorsal and a 
ventral pair. One of the pockets in each group (PI and PIV) is anteriorly 
placed in respect to the other (PII and P U T ) which takes a posterior 
position. Richards (1933) in the Noctuoidea and Treat (1959) in C. 
devastator attribute the tympanic frame to the epimeron as well as, 
the postnotum. They are of the opinion that the posterior portion of 
the tympanic frame is postnotal and the anterior portion is epimeral in 
origin. Thus the anterior pockets, according to them belong to pleuron 
and the posterior pair to the postnotum. The present writer, however. 
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holds that the tympanic frame Is formed exclusively by the epiraeron 
and all the four pockets belong to the pleural region. The latter 
in order to accommodate the pockets has pushed itself backwards, as 
well as inwards. In doing so a portion of its posterior margin has 
come to lie along the lateral arm of the secondary extension of the 
postnotum (b^) to which it has fused completely. This is the reason, 
why the posterior pair of pockets has come closer to the postnotum 
though they belong to the epimeron. However, it is true that the 
postnotum and the epiraeron have gone tremendous structural modification 
in order to cope with the situation created by the development of 
tympanal complex in the metathoracic region. The main auditory structures 
which are lodged in the epimeron probably function as chief receptors 
of the sound whereas the greatly bulged membranous portion of the 
secondary extension of the metapostnotura (c,) may serve as resonator 
for the sound because the air spaces of both the region are connected 
with each other. Moreover, the shape and position of the secondary 
extension of the postnotum also gives weight to the assumption. Richards 
(1933) has made a reference to the 'counter tympanal membrane' lying 
in a 'special slit-like cavity' and having postnotal origin. Unfortuna-
tely, neither from his text nor from the figures it is clear to which 
region of the postnotum it belongs. However, from whatever description, 
Richards has provided in text and figures, the present writer can just 
say that it comes somewhat close to the membranous portion of the 
secondary extension of the postnotum (c,) of S_. mauritia. This certainly 
gives support to the findings of the present writer. 
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The poster ior portion of epimeron, is produced upwards as a 
narrow and curved semiscler i te ending jus t below the free end of the 
pos ter ior arm of the epimeron. This s c l e r i t e is niamed as 'nodular 
s c l e r i t e ' by Richards (1933). I t (NScl) divides the wing base membrane 
into an te r ior and poster ior por t ions . These two subdivisions have been 
named as ' f a l s e membrane' and'tympanic membrane' respectively by 
Richards (1933) and Treat (1959). However, as the anter ior portion of 
the wing base membrane lodges the subalare s c l e r i t e and also the axi l lary 
s c l e r i t e s , the present wr i te r suggests to ca l l these subdivisions as 
wing membrane (Wmb) and tympanic membrane (Tmb). 
The poster ior margin of the epimeron receives the membranous 
s ternopleural region of the f i r s t abdominal segment. The membranous 
abdominal pleuron overhangs the poster ior half of the epimeron in the 
manner of a 'hood' . The l a t t e r forms a protect ive cover for the 
pos ter ior part of the tympanal cavi ty . I ts scales together with those 
of the alula form a more or less complete covering for the del ica te 
tympanic membrane. 
Metasternum. The raetasternum is represented by a bas i s te r -
num (Bsg) and a furcasternum (Fso). The basisternum is narrow elongated 
prong-shaped s c l e r i t e , obliquely placed ventral to the mesopleuron. 
Each arm of the basisternum extends upto the anter ior margin of the 
episternum and is separated from the l a t t e r by the sternopleural suture 
(Sp l s ) . The suture extends in the postero-ventral direction and merges 
with the basal portion of the l a t e ra l margin of the basisternum. The 
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latter forming a part of the mesal limit of the coxal socket (CxC,). 
The anterior margin of the basisternum is sharply pointed forward. The 
antero-lateral margin of the basisternum is separated from the preceding 
segment of the thorax by a narrow stretch of membrane. The basisternum 
is traversed by raidlongitudinal suture (mvs) extending between its 
anterior and posterior margins. The suture is internally represented 
by a well developed ridge (mvr) which takes the shape of a narrow keel. 
The midlongitudinal suture divides the basisternum into two identical 
halves in a manner already described in the mesosternum. 
The basisternum may be separated from the narrow furcasternum 
(Fso) along an inverted 'V-shaped sternacostal suture (Scs). The 
apex of the suture is drawn out to reach the base of the endosternum (SA). 
The sternacostal suture is internally represented by a prominent ridge 
(Scr) which is obliquely placed dorsal to the midlongitudinal ridge (mvr) 
of the basisternum. The furcasternum is placed obliquely dorsal to the 
sternacostal ridge. All along its length the furcasternum is secondarily 
fused with the sternacosta. The posterior angles of the furcasternum 
are shaped into articular knobs (sArk) to provide sternal articulation 
to the hind coxae. At the apex of the drawn out portion of the sterna-
costal suture there is a distinct pit which may be taken as metasternal 
apophyseal pit (ap). 
Endosternum. The apophyseal pit invaginates to form a small 
basal portion of the sternal apophysis called 'body of the endosternum' 
(SA), comparable with the stem portion of 'Y'-shaped endosternum of 
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other Insec ts . The an te ro- la te ra l angles of the body are drawn out 
into a pai r of short and narrow furcal arras (FA). Each furcal arm runs 
obliquely directed towards the epiraeron (Epmq) to fuse with i t s ventral 
port ion. This is somewhat different condition from one found in the 
mesothorax, where the furcal arm fuses with the dorsal portion of the 
epimeron. Like the mesothorax the metathoracic furcal arm has no 
associat ion with the pleural r idge. Similarly, no connection of the 
furcal arm with the pleural ridge is reported by Madden (1944), Niiesch 
(1953) and Srivastava (1962). 
The base of the endosternum which is projected an ter ior ly , 
f la t tens out into a broad p la te and is named as neural p la te (np). 
Anteriorly the p la te is notched to provide a passage for the nerve cord. 
The p la te is l a t e ra l ly produced into two processes ( Ip ) . TTiese processes 
give origin to the intersegmental muscles going to the mesothorax and 
abdomen. 
(x ) Structure of the hindleo 
(Figs. 60 6 61) 
The metathoracic leg s t ruc tu ra l ly resembles the mesothoracic 
leg, except that the former is comparatively larger in s i ze . The hind-
coxa (Cxo)Iike the mldcoxa has s t e rna l , as well as , pleural a r t i cu l a -
t i o n . The coxa is traversed by a well developed basicostal suture 
(bcs) represented by a strong basicosta (Be). The metaferaur (Fm) is 
s l i gh t l y smaller than the mesofemur. The meta-tibia (Tb), on the other 
hand,is much s touter and longer than the mesotibia. The metatibia bears 
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two pairs of unequal spurs (Tbs,, TbSg) in comparison to only one pair 
borne by the mesotibia. The tarsoraeres (Tar) broadly resemble that of 
the middle leg. The pretarsus (Ptar) is also s imilar to that of the 
middle leg. 
(xi ) Muscles of the metathorax 
(Figs. 49,51.54,62,63 & 64) 
The muscles of the metathorax like the mesothorax can be divided 
into two main groups: (1) Muscles d i rec t ly or indi rec t ly responsible 
for the movement of the hindwings and (2) Muscles responsible for the 
movement of the hindlegs. 
!• Muscles d i rec t ly or indi rec t ly responsible for the movement 
of the hindwings. 
Indirect and pr incipal elevator of the hindwings (No. 85 a ,b ) . 
This is the largest pair of muscles of the metathorax. Each pair consists 
of two stout cyl indrical bundles. These a r i s e on the basal portion of 
the basis ternum,la teral to the midlongitudinal ridge (ravr), and t r ave l l -
ing s t ra igh t upwards,are inserted on the corresponding la tera l area of 
the raetascutum. This muscle is ident ical to the indirect principal 
elevator of the forewing of the mesothorax. The muscle may be compared 
with the 'dorsoventral ' muscle in T. oolyphemus (Niiesch, 1953). The 
contraction of this muscle pulls down the metascutura, consequently 
elevat ing the hindwings. 
Indirect and secondary elevator of the hindwino (No.86). This 
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tergo-pleural muscle originates on the segmental scutum and is inserted 
on the postero-ventral margin of the respective epiraeron forming the 
tympanal complex. The contraction of th is muscle depresses the scutum, 
thereby, elevating the hindwing. t h i s muscle probably also functions 
in ra is ing the tympanum, thereby, making the tympanal pockets function 
as resonators for the incoming sound waves. Thus, the muscle probably 
has double functions. 
F i r s t indirect and principal depressor of the hindwing (87 a ,b) , 
I t is a pai r of small muscles stretched between the prescutura (Prsc„) and 
the secondary p la te (b,) of the postnotum. Each muscle consists of 
two unidentical bundles. Normally th is muscle should have attached i t se l f , 
on the th i rd (raetathoracic) phragma (3Ph) and the postnotum proper (PN-). 
But the l a t t e r assumes a peculiar shape and therefore, these bundles do 
not get access to the postnotum proper; instead these are attached on 
i t s secondary p l a t e . As already mentioned, th is condition is being 
reported and described for the f i r s t time in Lepidoptera. I t may also 
be noted that the greatly enlarged second (mesothoracic) phragma (2Ph) 
extends well into the metathorax. This condition accompanied by the 
placement of the conspicuous p la te resul ts in the reduction of the lumen 
of metathorax, consequently the depressor muscles of the hindwing are 
not as strong as that of the forewing. The muscle may be comoared with 
the ' d l , a and b ' of T. polyphemus (Niiesch, 1953) and 'post-notaraid 
phragmal muscle* of P_. demoleus (Srivastava, 1962). 
Second indirect and principal depressor of the hindwing (No.88). 
Tt is a small fan-shaped paired muscle. I t a r i ses on the raetascutura and 
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Is inserted on the pos te ro - l a te ra l margin of the secondary p la te of 
the metapostnotuiii ( b , ) . The contraction of these muscles bring the 
depression of the hindwings. 
F i rs t extensor of the hindwinq (No. 89) . It is a moderately 
long muscle a r i s ing on the coxal margin just an ter ior to the pleural 
a r t i cu la t ion of the coxa. Running ventro-dorsally i t is inserted by a 
short tendon on the basalare apodeme (BaAp). As the basalare is connected 
with the humeral angle of the wing this muscle mainly acts as an extensor 
of the hindwing, but also appears to ass i s t the 'Promotor of the meta-
coxa*. This muscle is shown in Dissosteira Carolina by Snodgrass (1935) 
as 'second promotor-extensor of the hindwing'. 
Second extensor of the hindwing (No. 90) . I t is a very thin, 
long and pinnate muscle. The fibres of th i s muscle a r i se on the upper 
half of the narrow arm of the basisternum (Bs„) and form a long tendon 
which ends on the basalare apodeme (BaAp). This muscle is similar to 
the 'extensor of the hindwing' in ^ . deasae. which has been shown by 
Alam (1951) to or iginate on the 'raeta-sterno-pleural r i d g e ' . The 
contraction of th is muscle lowers the basalare s c l e r i t e which in turn 
exerts a pull on the humeral angle of the hindwing, resul t ing in the 
extension of the l a t t e r . This muscle may also be compared with the 
'prepecto-basalare muscle' of P.. demoleus (Srivastava, 1962) and muscle 
'No. 90' in A. proxima (Dhillon, 1966). 
Third extgnsor of the hindwing (No. 91) . It is a very small 
muscle a r i s ing on the apical portion of the secondary p la te of the 
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episternum (EpsPl) just anterior to the base of the pleural wing process. 
The muscle ends on the basal portion of the basalare sclerite (Ba). This 
muscle has been reported for the first time In Lepidoptera. The pull on 
this muscle brings the flexion of the hindwing. 
Accessory extensor of the hindwinq (No. 92). It is a slender 
muscle which arises on the mesofurcal am. The muscle crossing the 
segmental limit, ends on the basalare apodeme (BaAp) of the metathorax. 
This muscle assists the three extensors of the hindwing in completely 
extending the latter. It is comparable with the 'sterno-basalare 
muscle' of Lepidoptera (Maki, 1938) and with muscle 'No. 91' of A^. proxima 
(Dhillon, 1966). 
First flexor of the hindwing (No. 93 a.b.c). The first flexor of 
the hindwing is a small muscle. It consists of three branches, which arising 
on different regions of the pleuron, unite to form a small tendon which ends 
on the ventral projection of the third axillary sclerite. The first branch 
(a) which is comparatively larger, originates on the pleural ridge close to the 
pleural apophysis. The second branch (b) arises on the upper portion of 
the stemopleural ridge close to the basalare pad. The third branch (c) 
which is the smallest, arises on the secondary plate (EpsPl) of the 
episternum close to the base of the pleural wing process. On contraction, 
the muscle pulls the third axillary sclerite, which in turn flexes the 
hindwing. This muscle may be compared with 'No. pd2 abc* of T. polyphereus 
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(Nuesch, 1953). Duncan (1939) and Srivastava (1962) have shown two 
separate muscles, each ending independently on the th i rd ax i l la ry s c l e r i t e . 
The present wri ter could not find any reason why muscles ar is ing almost 
from the same region should end separately without jus t i fy ing functional 
i den t i t y . Snodgrass (1942) has shown this muscle having three separate 
bundles but he has described converging on a small s c l e r i t e which in turn 
communicates with the th i rd ax i l la ry s c l e r i t e . Taking this point into 
consideration the present wri ter is in agreement with Alam (1951) when he 
says that the intervention of th is s c l e r i t e can only bring an indirect 
effect on the thi rd axi l la ry s c l e r i t e and therefore, the muscle cannot 
render good effect . 
Second flexor of the htndwina (No. 94) . This is a large and 
s tout muscle. The fibres of th is muscle originates on the la te ra l half 
of the inner surface of the raeron. Ascending obliquely the fibres get 
inserted on the submarginal inflect ion of the subalare s c l e r i t e . The 
muscle corresponds to the one present in the raesothorax. Originally 
i t is a leg muscle but as the subalare is lodged in the wing membrane, 
the pull on i t is transmitted to the second ax i l l a ry s c l e r i t e , therefore, 
i t should be taken as flexor of the hindwing. Nuesch (1953) has shown 
a similar muscle in his drawings. Srivastava (1962) takes i t a leg 
muscle. 
Third flexor of hind-wing (No. 95) . I t is moderately large 
and or iginates on the basal portion of the secondary plate of the anepis-
ternum (EpsPl) and is inserted on the anter ior margin of the f i r s t 
ax i l l a ry s c l e r i t e . The contraction of th i s muscle turns the f i r s t 
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ax i l l a ry s c l e r i t e upwards on i t s tergal a r t i cu la t ion and brings the 
flexion of the wing. This confirms the findings of Srivastava (1962) 
who has reported a similar ' f i r s t p leuro-axi l lary muscle' in P.demoleus. 
a r i s ing from the pleural r idge. Snodgrass (1935) however, believes 
that muscle for f i r s t ax i l l a ry s c l e r i t e exists only in Diptera. 
Segmental furco-pleural muscle (No. 96) . I t is a very small 
fan-shaped paired muscle. Each muscle ar ises on the pleural apophysis 
of i t s s ide . Running backwards i t ends on the furcal arm. As in the 
mesothorax, here also th is muscle is considered to protect the endos-
ternum from undergoing any displacement as a r e su l t of the action of 
antagonis t ic muscles. Similar muscle has been shown in T. polvphemus 
(Niiesch, 1953); C. devastator (Treat, 1959) and P. demoleus (Srivastava, 
1962). 
In te r - s t e rna l muscle between mesothorax and metathoray (No.97 a,b) 
This muscle i s made up of two very stout bundles which run between the 
pos ter ior surface of the raeso-furcal arm and the l a te ra l process of meta-
endosternal neural p la te (np) . This muscle may be taken as a true 
representa t ive of the intersegmental muscle of the generalized insec ts . 
The contraction of the muscle balances the pul l on the mesothoracic 
furcal arm, as well as , metathoracic neural p l a t e . I t can be compared 
with the ' longitudinal ventra l muscle' of Lepidoptera (Maki, 1938) 
and muscle 'VL* of T. polvphemus (Niiesch, 1953). 
2 . Muscles responsible for the movement of the hindleos 
As the hind-legs also have both pleural and s te rna l a r t i cu la t ions , 
t h e i r movements are similar to those of the middle-legs. Muscles of 
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the femur, tibia, basitarsus and pretarsus, are identical to those of 
the middle- legs and therefore, only muscles of the coxa and trochanter 
have been discussed. The following extrinsic muscles control their 
movements. 
First promoter of the coxa (No. 98), It is a fan-shaped muscle 
arising on sternopleural ridge. Its fibres converge to insert on the 
proximal coxal rim at some distance anterior to the pleural articulation 
of the coxa. The muscle may be compared with the 'lateral productor 
of the hind coxa' of ^ . deesae (Alam, 1951) but differs in having only a 
single bundle. It may also be compared with muscle 'pv6' of T.polvphemus 
(Niiesch, 1953). 
Second promotoy of the coxa (No. 99)._ It is a quite large 
and thick muscle and arises on the anterior half of the lateral portion 
of scutum. The fibres descend almost vertically to end on the mesal 
margin of the proximal rim of coxa genuina. It is comparable with muscle 
'dv2' of T. polyphemus. A similar muscle has been shown by Treat (1959) 
in £. devastator. 
Third promoter of the coxa (No. 100). It is a small fan-
shaped muscle arising on the midlongitudinal ridge of the basisternum. 
The fibres converge to end on the mesal margin of coxa genuina posterior 
to the second promoter. It is comparable with the muscle 'No. 86' of 
D. plexippus (Ehrlich and Davidson, 1961). 
The combined action of the three proraotor muscles move the leg 
forward. 
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F i r s t remotor of the coxa (No. 101). This large and thick 
muscle originates on the poster ior half of the l a te ra l portion of seutini. 
I t s fibres descend obliquely in antero-poster ior direct ion to end on 
the inner surface of the poster ior wall of meron. Niiesch (1953) in 
T. polvphemus. has shown two muscles 'dv4' and ' d v 5 ' . But the present 
wr i t e r regards these two muscles as one. Treat (1959) in C. devastator, 
a lso reported one muscle. 
Second remotor of the coxa (No. 102). It is a small muscle 
which a r i ses on the l a t e ra l process of the neural p la te and is inserted 
on the lower portion of the basicosta of coxa. The muscle is comparable 
with the ' l a t e r a l reductor of the hind-coxa* in S^ . dees a e (Alam, 1951). 
A s imilar muscle has been labelled as *meta-furco-coxal muscle' by 
Srivastava (1962). 
The above two remotor muscles on contraction bring the coxa 
backwards, thereby, pul l ing the en t i re leg. 
F i r s t levator of the trochanter (No. 103). I t is a stout 
muscle which ar ises on the undersurface of coxa genuina. The fibres 
converge to form a short tendon which is inserted on the dorsal apodeme 
of the trochanter (dApTr). 
Second levator of the trochanter (No. 104). I t is a very 
small muscle which originates on the l a t e ra l margin of coxa (meron). 
I t is inserted on dorsal half of the proximal margin of the trochanter 
poster ior to the dorsal apodeme. 
The contraction of the levators ra ises the trochanter. 
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F i r s t depressor of the trochanter (No. 105), This muscle 
is very long and thick. The fibres a r i se on the la te ra l portion of the 
scutum and running dorso-ventral ly are inserted at the proximal end of 
the ventral apoderae of trochanter (vApTr). I t is comparable to muscle 
'dv3 ' of T. DOlYohemus (Niiesch, 1953). Ehrlich and Davidson (1961) have 
shown two such muscles in D. plexippus. 
Second depressor of the trochanter (No. 106). I t is a short 
and stout muscle a r i s ing anter ior ly on the raesal margin of coxa genuina. 
I t s fibres are inserted at the base of the ventral apoderae of trochanter. 
Third depressor of the trochanter (No. 107). It is a very 
long muscle, which arises on the basalare apoderae and is inserted on the 
an te r io r face of the ventral apodeme of t rochanter . This muscle may 
also serve as an extensor of the hindwing. A similar muscle has been 
shown in T. polvphemus (Niiesch, 1953) and C^ . devastator (Treat, 1959). 
(x i i ) Thoracic wings and the i r s c l e r i t e s 
(Figs . 43,44.57,58,66,67,68 & 69) 
The wings of Spodoptera mauritia B. , resembles a typical Noctuid 
wing. They are held f la t over the body in repose. 
Colour pa t te rn . The forewing is a mixture of snuff brown 
and vinaceous brown. It is very l ight ly i r r o r a t e with fuscous and white. 
The median area between the subcostal vein (Sc) and (Cu,b) is white with 
* The colour pattern of the wings is based on the description given 
by Fletcher (1956). 
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an orbicular spot, ringed and centred with fuscous and a large fuscous 
black reniform, the l a t t e r joined to the vinaceous brown costa by i l l -
defined medial shade. The band between the white subterminal and the 
postraedial fasciae is vinaceous brown from the costa to vein NL and 
then densely suffused with fuscous to jus t poster ior of vein (Cu.a). 
The poster ior th i rd of the wing is white, very l ight ly i r ro ra t e with 
vinaceous brown and the area d i s t a l of the subterminal fascia is similarly 
coloured; except between veins M, and M« where there is small but con-
spicuous patch of fuscous. The apex of the terminal area is almost pure 
white . There is a terminal row of fuscous interneural spots . Under 
s ide of the wing is glossy, pale pinkish buff; the anter ior half is 
i r r o r a t e with brownish vinaceous and d i s t a l l y l ight ly suffused with 
fuscous; reniform and terminal spots and fuscous. 
The hindwlng is almost hyaline, varying with l ight form white 
to vinaceous. The margins of the veins are suffused with fuscous. Under-
s ide of the wing is similar but with fuscous suffusion in the central 
area only. 
The forewing of the female differs from that of the male in 
lacking the conspicuous white markings of the median area and of the 
poster ior th i rd of the band between the post medial and subterminal 
fasciae . 
Wing-coupling apparatus. Both the wings of each side are 
held together by special ized s t ructures which combine to form 'wing-
coupling appara tus ' . The l a t t e r is represented by frenulum in the hind-
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wing and a retinaculum in the forewing. The frenulum (fm) ar ises on 
the costal s c l e r i t e (Cs) near the humeral angle of the hindwing. In 
males i t is represented by a s ingle stout spine, while in female there 
are three spines, less strongly developed but arranged in a row. The 
retinaculum of the forewing is a pouch-like s t ruc ture opened at both 
ends and is placed on the ventral side of the wing at the base of the 
subcosts . The retinaculum is externally covered by a dense patch of 
ha i r l ike sca les . The frenulum of the hindwing passes throuoh the lumen 
of the retinaculum and is firmly held by the l a t t e r . This arrangement 
resu l t s in the swift and co-ordinated movements of the two wings. 
Venation of the forewing. The costa (C) is fa i r ly prominent 
but does not extend beyond two-thirds of the anter ior margin of wings. 
The sub-costa (Sc) ends on the anter ior margin of the wing s l igh t ly 
d i s t a l to the ending of the costa . The radius (R) divides into two in 
the f i r s t half of the wing. The anter ior branch continues as undivided 
branch R, whereas, the poster ior branch called Radial sector (Rs) sub-
divides into four branches (Rg, Rg, R^  and Rg). The Media is reduced 
having lost I t s main stem. The f i r s t branch (M,) ar ises from the 
rad ia l sector (Rs) before the l a t t e r subdivides. The media^ (M-) and 
median (M,) extend from the d i s t a l end of the discal ce l l (D). The 
cubi tus . (Cu,) is prominent and bifurcates to form Cu.a Snd Cu,b. The 
f i r s t anal vein (lA) is d i s t i n c t , whereas, the second one(2A) is very 
shor t , lying submarginal to the poster ior margin of the forewing. 
There are three cross-veins in the forewing. The anter ior most 
i s the radio-medial (r-m) cross-vein. I t connects radiusc (R5) with 
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media, (M,) vein. The second cross-vein (m-m) is very short connecting 
medla2 (Mg) and media- (M«). The third cross vein (ra-cu) Is long and 
stout and connects mediao tM„) with (Cu,a). 
Articulation of the forewlna. The forewing is attached to 
the lateral margin of the tergum by membranous basal area known as wing 
membrane (Whnb), in which the wing sclerites are embedded. These sclerites 
are small compact structures of different shapes, arranged one after the 
other in a semicircular fashion. A combined action of wing sclerites 
accompanied by the actions of a set of muscles brings the movement of 
the wings. Bach wing is supported on the tergum by anterior and posterior 
notal wing processes. The posterior margin of the wing is in continuity 
with the axillary cord (AxC,) which forms the posterior limit of the wing 
base. 
Axillary sclerites of the forewing. There are four axillary 
sclerites in the forewing. 
First axillary sclerite (lAx). The first axillary sclerite 
is irregular-shaped and elongated. Its anterior margin is broadly concave 
with a slight protuberance in the middle, which provides articulation 
to the knob of the anterior notal wing process (ANP). The irregular margin 
is secondarily supported by the pseudo-anterior notal wing process (PANP). 
Such a secondary support for the first axillary sclerite has not been 
reported in Lepidoptera. The present writer is of the opinion that the 
additional support by the pseudo-anterior notal wing process is responsible 
for the strength of the forewing. The posterior margin of the first 
axillary sclerite is deeply concave. The lateral (outer) margin is 
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irregular and bears a knob for the articulation of the second axillary 
sclerite. The antero-lateral angle projects out in the form of a blunt 
process which supports the humeral sclerite (HP). 
Second axillary sclerite (2Ax). The second axillary sclerite 
is very irregular and curved. Its mesal margin is attached to the first 
axillary sclerite, whereas, the lateral margin provides articulation to 
the third axillary sclerite (3Ax). The ventral surface of the second 
axillary sclerite bears a concavity into which fits the knob of the 
pleural wing process. 
Third axillary sclerite (3Ax). The third axillary sclerite 
is shaped like an inverted prong with a broad base and irregular arms. 
Its anterior margin is extremely narrow and beak-like. The lateral 
margin is convex and faces the wing. The anteromesal margin provides 
articulation to the second axillary sclerite. From the posterior margin 
come out two divergent and curved arms. The dorsal arm is longer and 
its distal end articulates with the fourth axillary sclerite. The 
ventral arm curves outward and becomes the place of insertion for the 
flexor muscles of the forewing. 
Fourth axillary sclerite (4Ax). The fourth axillary sclerite 
is a Very long, narrow and cylindrical structure. The anterior margin 
is broad and smooth. The lateral (outer) margin which is narrow and 
blunt articulates with the third axillary sclerite. The mesal (inner) 
margin in its middle develops a small depression which provides arti-
culation to the posterior notal wing process (PNP). The short mesal 
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(inner) margin is firmly placed on the lateral margin of the segmental 
scutum. This secondary support by the scutum to the fourth axillary 
sclerite corresponds with the one provided to the first axillary sclerite 
and, therefore, the present writer is convinced that such secondary 
conditions are to give additional strength to the forewings for their 
effective functioning. 
Humeral plate (HP). • The humeral plate of the forewing is 
a small but well developed structure. It is more or less oval in shape, 
lying along the anterior margin of the wing base. It is placed anterior 
to the first axillary sclerite. The humeral plate is separated from 
the base of the costa by a narrow stretch of membrane. 
Median plate (m', m " ) . There are two well developed median 
plates lying in the axillary membrane. TTiese, arranged in linear fashion 
are separated from each other by an oblique fissure. The proximal plate 
(m*) is longer and communicates with the base of the radius, while the 
distal plate (m") is small more or less rectangular and is associated 
with the cubitus. 
Basalare sclerite (Ba). The basalare is a small beak-shaped 
sclerite lying on the dorsal margin of the mesopleuron close to the 
pleural wing process. The mesopleuron near the base of the pleural wing 
process bears a concavity for the articulation of the basalare sclerite. 
The ventral margin of the basalare is drawn out into a short process 
which is in conjunctival connection with a semicircular plate called 
basalare apodeme (BaAp). The antero-lateral margin of the latter is 
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secondarily fused with the antero-lateral margin of the anepisternum 
(AEps). The extensor muscles of the forewing are inserted on the 
basalare apodeme. Madden (1944) in P.. sexta has shown the basalare as 
a small sclerite whose basal portion is considered by him to be represented 
by a fold in the dorsal margin of the 'anepisternuin'. 
Subalare sclerite (Sa). The subalare is a large, irregular-
shaped sclerite lying in the wing membrane which stretches between the 
scutum and the pleuron. Its pointed anterior end lies, close to the 
pleural wing process (PWP) while the tapering posterior end is in proximity 
with the posterior notal wing process (PNP) of the same segment. The 
outer surface of the subalare is smooth, but the inner surface is rough 
due to the presence of reeondary ridges. The coxal flexor muscle of 
the mesothorax is attached on the rough surface of the subalare sclerite. 
Venation of the hindwinq. The costa of the hindwing is 
absent. The anterior Margin in its basal region possesses a small 
sclerotic piece (Cs) comparable with 'costal sclerite' of Comstock (1918), 
which provides attachment to the frenular spines (fra). The subcosta and 
radial sector arise from the same stalk but very soon they bifurcate. 
The anterior branch denoting the fused subcosta and radius. (Sc + B ); 
whereas, the posterior branch becomes the radial sector (Rs). The 
media, (Mj) arises from the middle of the radial sector (Rs). The 
cubitus, (Cu,) and the posterior media tfrise from the same stalk. In the 
middle of discal cell (D) the media (H) and the cubitus, (Cu.) are 
separated from each other. The media divides again to give rise to 
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media2 (M^) and media» (H^) branches and the cubitus running as Cu.. 
Unlike the forewing both the anal veins (lA, 2A) are well represented. 
There is no cross vein in the hindwing. 
Articulation of the hindwing. Like the forewing the hindwing 
is attached to the lateral margin of the tergum by the wing membrane. 
The wing is supported by the notal wing processes and the pleural wing 
process. The basal portion of the axillary cord (AxC_) of the hindwing 
is shaped like a flap and is known as alula (Al). The latter is covered 
by large hair-like scales which provide a cover for the tympanum. 
Axillary sclerites of the hindwing. Unlike the forewing there 
are only three axillary sclerites in the hindwing. 
First axillary sclerite (lAx). The first axillary sclerite of 
the hindwing is smaller than the corresponding sclerite of the forewing. 
It is stout and broadly hammer-shaped. The head of the 'hammer' is 
irregular and articulates with the small knob of the anterior notal wing 
process (ANP). The distal end of the first axillary sclerite is bifurcated 
and projects into the wing membrane. The concave lateral margin provides 
articulation to the second axillary sclerite. 
Second axillary sclerite (2Ax). The second axillary sclerite 
is oblong. Its mesal margin bears a knob-1 ike projection which fits into 
the concavity of the first axillary sclerite. The lateral margin of 
the second axillary sclerite is comparatively smooth and provides arti-
culation to the third axillary sclerite. The ventral surface of the 
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second axillary sclerite bears a concavity which allows the blunt end 
of the pleural wing process (PWP) to fit in. The latter functions as 
fulcrum on which the hindwing can be moved in all possible directions. 
Third axillary sclerite (3Ax). The third axillary sclerite 
is the smallest. Its antero-lateral margin bears a process which arti-
culates with the postero-lateral margin of the second axillary sclerite. 
The mesal margin of the third axillary sclerite articulates With the 
narrow elongated posterior notal wing process (PNP). The ventral surface 
of the third axillary sclerite projects downwards and becomes the place 
for the insertion of the flexor muscles of the hindwing. 
Humeral plate (HP). It is a small, more or less, creseent-
shaped plate situated on the anterior margin of the wing base. It is 
closely associated with the costal sclerite (Cs). 
Median plate (m ). There is only one median plate which lies 
embedded in the wing membrane. It Is somewhat triangular In shape and 
placed posterior to the base of the fused subcosta and the radius,. 
Basalare sclerite (Ba). The basalare of the hindwing is an 
elongated rod-like sclerite. It Is very narrow at the proximal end and 
gradually broadens towards distal end. The dorsal margin of the epi-
sternum near the base of the pleural wing process bears a depression in 
which the proximal end of the basalare sclerite is articulated. The 
blunt distal end bears an apodeme which hangs downwards. The basalare 
apodeme (BaAp) is an inverted 'Y*-shaped structure. The arras of the 
'Y' are in conjunctival connection with an oval sclerotic plate known as 
- 117 
basalare pad (BaPd). The l a t t e r in turn fuses with the antero-dorsal 
margin of the episternum. The basalare pad is comparable with the 
s c l e ro t i c piece of the same name of lepidoptera (Shepard, 1930) and 
£.• sexta (Madden, 1944). The extensor muscles of the hindwing are 
inserted on the basalare apodeme. 
Subalare s c l e r i t e (Sa) . The subalare s c l e r i t e of the hind-
wing is large and very i r r egu la r . I t l ies in the anter ior region of 
the wing membrane and is s tretched between the pleural wing process 
and the poster ior notal wing process. I t resembles broadly with the 
subalare s c l e r i t e of the preceding segment. The ventral margin of 
the subalare s c l e r i t e of the hindwing bears a poster ior ly directed 
oblique process. The i r regular inner surface receives the tendon of 
the flexor muscles of the hindwing. 
3. THE ABDOMEN 
General features of the abdomen 
The abdomen of Spodoptera mauritia. is elongated having broad 
cylindrical base and gradually tapering posterior end. In a fully 
fed condition the abdomen bulges out in the middle region. There are 
ten abdominal segments in the both sexes; the last two in male and the 
last three in female modified to cope with the requirements of the 
external genitalia. The abdominal dorsums are normally sclerotized 
plates of varying size. However, the first abdominal dorsum is a 
clear combination of extensive membranous anterior portion followed by 
broad sclerotized posterior portion. Similarly, the eighth dorsum in 
the male is mostly membranous. The venter of the abdomen consists of 
the intersegmental acrostemites and the segmental sterna; the first 
sternum being extensively membranous. As the intersegmental membrane 
is quite extensive the segmental tergum and sternum partially overlap 
the succeeding tergum and sternum in a regular manner. The pleural 
region is absolutely membraneous and the seven pairs of spiracles are 
borne by the first seven pleura. 
On the basis of structural modifications, Alam's (1953) suggestion 
to divide the abdomen into three anatomical regions has been followed, 
viz., (I) Pre-genital, (II) Genital and (III) Post-genital regions. 
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( I ) Pre-aeni ta l region 
The pregenital region consists of segments 1-8 in both the 
sexes . The deviation from the fundamentals by Including eighth segment 
in pregeni ta l region of the female is discussed in the description of 
the female external gen i t a l i a . This pregenital region is longest, as 
well a s , broadest among a l l the three regions. 
(1) Pre-genltal terga 
(Figs . 53,54,70,71.72.73,74,78 & 85) 
The terga 2-6 in both the sexes are lineary arranged. These 
p la tes are separated from each other by broad intersegmental membranes. 
A typical tergum of th is region is l ike a rectangular sclerot ized p la te . 
I t s l a te ra l margins are thin and s l igh t ly concave. Anteriorly the tergum 
is confluent with the inter-segraental p la te along a d i s t inc t antecostal 
suture (acs) which in te rna l ly forms the antecosta (Ac). The typical 
tergum may, thus, be taken to be a composite p la te consist ing of in te r -
te rga l ac ro te rg i te (atg) and a broad segmental p la te called scutum (T). 
The f i r s t tergum (IT) in both the sexes differs in the shape 
from typical abdominal tergum. Almost the en t i r e anter ior half is 
membranous with the exception of a d i s t inc t narrow, submarginal anter ior 
s t r i p of s c l e r l t e which is confluent with the th i rd phragraanotum (meta-
postnotura) along the antecostal su ture . The poster ior half of th is 
tergum is a broad sc l e ro t i c p la te with d i s t lnc ly thickened la te ra l 
margins which demarcate i t from the membranous segmental pleura. Posterior-
ly, i t s normally narrow margin is in membranous connection with the 
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second abdominal tergum. 
The intersegmental acrotergite of the second abdominal tergum 
is a very narrow scterotic plate. But the antecostal suture separating 
it from the segmental plate internally forms a broad and well developed 
antecosta. 
The seventh tergum (VII T) is small. Its anterior margin is much 
broader than the posterior margin and is in membranous connection with 
the following tergum. 
The eighth tergum (VIII T) in the male is the last pregenital 
tergum. It is extensively membranous with sclerotization limited to 
small inverted 'U'-shaped plate close to anterior margin. The extensive 
posterior membranous portion of the tergum is folded in, to lie under-
neath the anterior sclerotic-cum-membranous part of this tergum. This 
fold extends in anterior direction to fuse by its end (posterior margin 
of eighth tergum) with the anterior margin of the ninth tergum (Fig, 
78; IX T) . In other words, the posterior part of the eighth tergum may 
be taken to have telescoped itK«lf into the anterior part of the same 
tergum. This telescopic nature of the eighth tergum in conjunction 
with, more or less, similar telescopic condition of the eighth sternum, 
forms a distinct apical invagination of the abdomen which the present 
writer calls as 'genital pouch' (GP). The pleura of the eighth segment 
form lateral limits of the genital pouch. The eighth segment in D. 
olexippus. has been shown by Ehrlich (1958) with complete tergal and 
sternal plates. He regards it as a genital segment. Srivastava (1960) 
in Leucinodes orbonalis. also regards the eighth segment to have contri-
buted to the formation of the genital complex. How these workers have 
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differed from the hitherto unquestioned fundamentals involved in the 
formation of the male external genitalia cannot escape critisism. On 
the other hand Forbes (1939) in Septis arctica and Madden (1944) in 
P_. sexta. do not consider the eighth segment responsible for the forma-
tion of the male genitalia. 
The extensive eighth tergum (VIII T) in female Is devoid of 
the antecostal suture and acrotergite. It consists of a broad median 
semisclerotic portion (Tm) and two large lateral sclerotic parts (Tl). 
The antero-lateral angle of the tergum is drawn out to form the anterior 
apodeme (aAp), which projects into seventh segment. Ehrlich (1958) in 
D^ . plexippus also records merabranous-cum-sclerotic condition of the 
eighth tergum. However, Madden (1944) in P.. sexta. Klots (1956) in 
R_. emargana and S_. bosquella. and Srlvastava (1960) in L. orbonalis 
have shown eighth tergum as one continuous plate devoid of median semisc-
lerotic portion. As regards the anterior apodeme Norris (1932) in 
Plodia interpunctella and KlotS; (1956) in R, emargana and S, bosquella. 
consider it as part of tergum. However, Madden (1944) in P. sexta. and 
Srivastava (I960) in JL. orbonalis. have shown it to arise from the 
junction of the segmental tergum and sternum. 
(ii) Pre-qenital sterna 
(Figs. 70,75.76 and 78) 
The pre-genital sterna of the abdomen are represented by lineary 
arranged plates separated from each other by inter-segmental membrane. 
The sterna 3-6 in both the sexes are identical and can be regarded 
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typical sterna. Each of them is like a rectangular plate. In the 
absence of the antecostal suture there is no demarcation between the 
intersegmental acrosternite and the segmental sternum. 
The entire first abdominal sternum (IS) in both the sexes is 
membranous with its convex posterior limit abutting into the anterior 
margin of the second sternum. 
The second sternum (IIS) is completely sclerotized with its 
anterior margin distinctly concave and the posterior margin convex. 
The pronounced concavity in the anterior margin functions as a lap to 
be occupied by membranous first sternum. A pair of conspicuously 
sclerotic lateral processes comes out from the anterior margin. These 
are named as inner lateral processes (iLp) which ascend to reach the 
viscinity of raetapleura and, consequently, flank the first abdominal 
sternum. Another pair of processes though comparatively less sclerotized 
is given out by the anterior margin, lateral to first pair of processes. 
These are named as outer lateral processes (oLp) which obliquely extend 
forward to meet the metaeplmera. The two pair of processes are confluent 
at their bases. This is the reason why the present write is not prepared 
to consider the outer process of ^. mauritia. homologous to the 'sclerotic 
bar' of U. pulchella (Mathur; 1965 Ph.D. thesis) where these have been 
shown as bars of the first sternum. The inner process is S^ . m.auritia. 
serves for the attachment of segmental, as well as, intersegmental 
muscles; whereas, the outer process is devoid of any muscle attachment. 
The posterior margin of the second sternum is separated from the third 
sternum (HIS) by intersegmental membrane. 
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The seventh sternum (VIIS) in the male is small and differs 
from the preceding sterna in having anterior portion narrow and 
posterior portion broad. This sternum in the female is larger than 
the preceding sterna separately, and is regarded as the subgenital 
plate. 
, The eighth sternum (VIIIS) in the male is larger than the 
individual preceding sterna. It is greatly membranous with scleroti-
zation limited to its central portion. This sclerotic piece is not 
wholly sclerotized. Its middle portion is membranous while the lateral, 
anterior and posterior parts are sclerotized. The antero-lateral angle 
projects out to form a pair of oblique sclerotic bars (Is). 
The eighth sternum (VIIIS) in the female is completely membranous 
Through an extensive intersegmental membrane it is anteriorly connected 
with the subgenital plate (seventh sternum) and posteriorly it is in 
communication with the ninth sternum. This intersternal membrane in 
its posterior region bears an oval aperture known as bursal orifice 
(bo) for the bursa copulatrix (Bcpx). There is however, no intersternal 
plates as shown by Mathur (1965; Ph.D. thesis) in I), pulchella. and 
thus the bursa compulatrix in S. mauritia. opens directly. Madden (1944) 
also does not show the intersternal plates. Srivastava (I960) in 
L. orbonalis. shows the copulatory opening on the eighth sternum. This 
naturally makes the bursal orifice segmental instead of intersegmental. 
(lii) Pleuron of the abdomen 
(Figs. 57,58 & 70) 
The extensive membranous pleural area of the entire abdomen 
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connects the la te ra l margins of the segmental terga and s te rna . The 
seven pairs of abdominal spi racles are borne on the segmental pleura 
of the f i r s t seven segments. The pleura of the f i r s t abdominal segment 
is considerably reduced. The anter ior margin of the pleuron in th is 
segment overhangs the poster ior margin of the raetathoracic epimeron to 
which i t is attached, and thus, forming a double walled f lap- l ike 
s t ruc tu re named as 'hood' ( h ) . The inner wall of the hood is feebly 
sc lero t ized and deeply concave. The hood par t ly conceals the del icate 
tympanic membrane (Trab) and serves as a protection for the l a t t e r . 
Similar protect ive hoods have been shown by Richards (1933) in Noctuoidea, 
Treat (1959) in C.. devastator, and Mathur (1965; Ph.D. thes is) in 
U. pulchel la . 
( iv) Muscles of the abdomen 
(Figs. 54, 62. 70. 73.76. 77 & 78) 
The musculature of the abdomen consists of intertagraatal, i t e r t e -
rga l , i n t e r s t e m a l , i n t e rp leu ra l , te rgo-s ternal and tergopleural muscles. 
Besides, there are spiracwlar muscles and muscles of the two diaphragraa 
4 
which have been dealt with in connection with respiratory and circulatory 
systems respectively. The muscles connected with male and female genital 
complex have been accordingly described along with the genitalia. 
Intertaqmatal muscles 
Levator of the abdomen (No. lOB). It is a small slender 
muscle which arises on the posterior portion of the metaepiraeron. The 
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fibres of th is muscle run obliquely in antero-poster ior direction to 
end on the inner process (iLp) of the second abdominal sternum. The 
contraction of this muscle pulls the an te ro- la te ra l angle of the second 
abdominal sternum downwards, thereby ra is ing the en t i re abdomen. 
Depressor of the abdomen (No. 109). This long stout ly 
bu i l t muscle ar ises on the l a t e ra l process of the metathoracic neural 
p l a t e . Descending backwards, i t runs across the membranous f i r s t 
abdominal sternum to end on the middle of the second abdominal sternum. 
The muscle on contraction pulls the sternum an te r io r ly , thereby lowering 
the abdomen. I t may be compared with the 'meta-endosternal torsion 
muscle' of the abdomen of ^ . deesae (Alara, 1953) and muscle 'VI * of the 
metathorax of T. polypheraus (Niiesch, 1953). 
In te r t e rqa l muscles 
These muscles normally involve two consecutive terga but should 
be considered belonging to the tergum which is controlled by them. The 
muscles of the seventh tergum of the female have been dealt along with 
the gen i t a l i a . 
Dorsal internal median muscle (No. 110 a , b , c ) . I t consists 
of three d i s t inc t bundles connectinf the antecosta of a tergum with 
that of the following tergum. The outer (a) and the mesal (b) bundles 
which run para l l e l to each other take a slightly oblique path ; whereas, 
the median bundle (c) running close to the midlongitudinal l ine adopts 
a s t r a igh t course. In the f i r s t segment, the dorsal Internal median 
muscle is composed of only one very broad bundle stretched between the 
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third thoracic phragma (3Ph) and the antecosta (Ac) of the second 
abdominal tergm, and can rightly be compared with muscle 'dlj' of 
T. polYphemus (Nuesch, 1953). In the seventh segment of the male 
this muscle is represented by two bundles only. These arising on 
the antecosta of the seventh tergum converge to end on the antero-
lateral margin of the inverted 'U*-shaped sclerotic plate of the eighth 
tergum. 
Dorsal internal lateral muscle (No. 111). This muscle is 
placed lateral to the corresponding dorsal Internal median muscle. It 
extends somewhat obliquely between the antero-lateral portion of the 
antecosta of a tergum and antero-lateral portion of the following 
tergum. This muscle is absent in first and seventh tergum. It corres-
ponds with muscle '113' of S. deesae (Alam, 1953). 
Dorsal external median muscle (No; 112). This muscle is 
much more shorter than the dorsal internal median muscle. It is repre-
sented by a single but quite thick bundle. Its origin lies on the 
posterior half of the tergum. Running backwards the fibres end on the 
anterior margin of the following tergum. In terga 2-5, the dorsal 
external median muscle is represented by a thick bundle, but in the 
sixth tergum the muscle is comparatively thin. In the seventh tergum 
of the male this muscle is represented by a very thin but long 
bundle. The fibres originate on the posterior half of the seventh 
tergum, and running in antero-posterior direction take a mesally oblique 
course to end on the anterior margin of the inverted 'U*-shaped sclerotic 
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plate of the eighth tergum. There is no dorsal external median muscle 
in the first segment of both the sexes. 
Dorsal external lateral muscle (No. 113). This is a long 
and thin muscle with its fibres arising on the anterior margin of a 
tergum in the viscinity of mesal bundle of dorsal internal median muscle. 
Running in antero-posterior direction the fibres take a laterally 
oblique course to end on the antero-lateral margin of the following 
tergum, close to the insertion of the dorsal internal lateral muscle. 
This muscle is represented in 2-6 segments of both the sexes. 
All the above muscles are functionally retractors of the tergal 
plates of the abdomen as their contraction increases the overlapping of 
the successive terga, 
Intersternal muscles 
Like the intertergal muscles, the intersternal muscles also 
involve two consecutive sterna, but should be considered belonging to 
the sternum which is controlled by them. As the first sternum is 
exclusively membranous, it is devoid of muscles. The muscles arising 
on the seventh sternum of the female has been discussed along with the 
female genitalia. 
Ventral internal median muscle (No. 114). It consists of 
a single bundle originating from the anterior margin of a sternum close 
to its midlongitudinal line. The fibres run straight in posterior 
direction to end on the anterior margin of the following sternum. In the 
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seventh segment of male th is muscle originates on the one-third antero-
l a t e r a l portion of the seventh sternum. The fibres running antero-
pos ter ior ly take a l a t e ra l ly oblique course to end on the anter ior 
margin of the sc le ro t i c p la te of the eighth sternum. 
Ventral internal l a t e r a l muscle (No.115). This muscle is 
formed of a s ingle bundle. I t originates on the an te ro- la te ra l margin 
of a sternum, and running s l i gh t ly oblique ends on the anter ior margin 
of the following sternum, l a t e ra l to the ventral internal median muscle. 
In the seventh segment of male, th is muscle ar ises on the anter ior 
margin of the seventh sternum, and running obliquely get inserted on 
the basal portion of the s c l e ro t i c bar (Is) of the eighth sternum. 
Ventral external median muscle (No. 116). This is a short 
and broad muscle. TJie fibres s t a r t i ng from the poster ior one-fourth of 
a sternum end on the anter ior margin of the following sternum. In the 
second sternum this muscle is formed of long fibres and ar ises on the 
an te r io r one-third portion of the sternum. In seventh segment of male, 
th i s muscle is comparatively broad, and ends on the an te ro- la te ra l margin 
of the sc l e ro t i c p la te of the eighth sternum. 
Ventral external l a te ra l musclp (No. 117). This muscle 
a r i ses on a sternum on i t s an te ro- la te ra l margin. The fibres t ravel 
in antero-poster ior direction taking a l a t e ra l ly oblique course to end 
on the extreme an te ro- la te ra l margin of the following sternum. In the 
seventh segment of male, th is muscle ar ises on the posterior half of 
seventh sternum and t r ave l l ing in antero-poster ior direction the fibres 
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take mesally oblique course to end on the an te ro - l a te ra l angle of the 
s c l e ro t i c p la te of the eighth sternum. 
Like the in te r t e rga l muscles, the in te r s te rna l muscles also 
become the r e t r a c t o r s , consequently the in te r t e rga l and In ters ternal 
muscles combiningly assume the responsibi l i ty of re t rac t ing the abdomen. 
In terpleura l muscle (No. 118) 
In segments 3-6, in both the sexes, there is a longitudinal 
muscle band connecting one pleural fold with the other . The fibres 
which are qui te stout run beneath the external l a te ra l muscle along 
the l ine of sp i r ac l e s . Such interpleural muscles are normally absent 
in i n sec t s . On contraction these muscles increase the in terpleural 
folds, thus coordiiat ing with the in te r t e rga l and in te rs te rna l muscles 
in re t rac t ing the abdomen. 
TerQO-sternal muscles 
Tergo-sternal muscles consist of two sets which are s imilar to 
the ' ex t e rna l ' and ' i n t e r n a l ' l a t e ra l muscles of the generalized insects 
External l a te ra l muscle (No. 119). There is a pai r of 
external l a t e ra l muscles in segments 2-7 in both the sexes. I t consists 
of broad sheets of closely plac'ed fibres running across the pleuron to 
connect the l a t e ra l margins of the segmental terga , and s terna. On 
contract ion, i t brings the terga and sterna close to each other. In 
the absence of d i l a to r mechanism, the present wri ter considers that the 
abdomen regains i t s normal shape due to i t s own e l a s t i c i t y . 
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Internal l a t e ra l muscle (Nos. 120 & 121). The in ternal la tera l 
muscle consists of a pair of segmental (in both the sexes) and a pair 
of intersegmental (in male only) muscles. The segmental muscle 
(No. 120) is confined only to the second segment in both the sexes. 
The muscle originates on the an te ro- la te ra l margin of the second 
abdominal tergum. I ts fibres t ravel obliquely downwards in postero-
an te r io r direct ion to be inser ted on the narrow dorsal end of the 
corresponding inner process (iLp) of the second abdominal sternum. 
The intersegmental l a t e r a l muscle (No. 121) which is present 
only in the male, ar ises l a t e r a l l y on the antecosta of seventh tergum, 
and running in antero-poster ior direction takes a ventral ly directed 
course to end on the apex of the sc le ro t i c bar ( I s ) of the eighth 
sternum. 
On contraction, the tergo-s ternal muscles pull the terga and 
sterna towards each other, thereby acting as contractors of the abdomen. 
Terqo-pleural muscles (No. 122) 
It is a paired muscle, present in segments 3-6 in both the sexes. 
Each muscle originates on the l a te ra l portion of the antecosta of a 
tergum. The fibres t ravel ing in antero-poster ior direction take a ventral 
course to get attached on the intersegmental pleural fold. This muscle 
has been recorded for the f i r s t time in Lepidoptera. 
Retractors of the tympanal hood 
These are the modified tergo-pleural muscles which are represented 
by two pai r of muscles only. These, on the basis of the i r positions 
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may be called as median and lateral intersegmental muscles. 
Median intersegmental muscle (No. 123). It is a narrow 
but long muscle arising on the middle of the antecosta (Ac) of the 
second abdominal tergum (IIT). Descending obliquely forwards, it ends 
on the posterior surface of the inner wall of the tympanal hood (h) 
which is formed by the first abdominal pleuron. 
Lateral intersegmental muscle (No. 124). It is a narrow, 
long muscle originating on the antecosta of the second abdominal tergum 
close to its antero-lateral angle. Running almost straight, the fibres 
convetge forward to end on the tympanal hood, just lateral to the 
median muscle. 
The two pairs of above muscles appear to work in a coordinated 
manner. Their contraction is very likely to pull the tympanal hood 
backwards and outwards, thereby, completely exposing the tympanal membrane 
to the atmosphere. In the absence of an antagonistic muscle, the 
tympanal hood returns to its normal position by its own elasticity. 
Treat (1959) in C. devastator, and Mathur (1965; Ph.D. thesis) in 
U' pulchella. have also shown two pairs of such muscles. 
(II) Genital region 
(a) Genital region of the male -
The genital region in the male consists of the ninth segment. 
The latter undergoes structural modifications to become helpful for 
copulating purposes. 
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(i) Genital terqum 
(Figs. 79,80 & 82) 
The ninth tergum (IXT) is retracted into the abdomen, to lie 
completely in the lap of the eighth tergum (VIIIT). It is fairly sclero-
tized structure whose anterior margin is deeply emarginated to give this 
tergum an inverted 'V'-shaped appearance. The posterior margin is short 
having conjunctival connections with the tenth tergum (XT). The lateral 
margins (imL) are inflected downwards to act as suspensorium for the 
anal pouch (AnP). The acute antero-lateral angles of the genital tergum 
lie in close proximity with the dorsal angles of the ninth sternum (IXS). 
The ninth tergum in the male has been called as 'tegumen' by Forbes 
(1939) and Hanneraann (1954). Klots (1956), however, is of the opinion 
that the tegumen, though mainly derived from the ninth tergum, its caudal 
portion may be a contribution of the tenth tergum. This contention is 
not free from doubt. 
(ii) Genital sternum 
(Figs. 79,80 & 82) 
The ninth sternum is reduced to a 'U'-shaped sclerotized plate, 
placed inside the seventh segment. The basal portion of the ninth 
sternum is in the form of a broad and convex plate (mP). The posteriorly 
directed narrow arms (mL) flanking the parameres (Pmr) from sides extend 
upto the viscinity of the tapering antero-lateral angles of the ninth 
tergum (IXT) with which it is in membranous connection. 
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(i1i) The external male genitalia 
(Figs. 79,P0.ei.82& 83) 
The copulatory apparatus in the male Lepidoptera has become of 
paramount importance. In recent years it has drawn the attention of 
many workers; most of them instead of giving a clear picture of the 
male genital components, have rather confused the whole issue by giving 
names to each component of the genitalia. These nomenclatures might 
be useful for the taxonomists; but for morphologists it has become 
difficult to assess their fundamental nature and homologies. Fortunately, 
Snodgrass (1957) has given a lucid and indispensable guide for future 
workers. Alam's (1952) work seems to form the basis of new interpre-
tation of the male genitalia, and Snodgrass (1957) broadly agrees with 
it. 
Snodgrass (1957) is perfectly correct in rejecting the hypothesis 
of analogising and homologising the male genitalia with the thoracic 
legs and, therefore, none of its components can be similarised with the 
coxopodite. These components are perfectly independent structures, 
developing afresh from a single pair of 'primary phallic lobes'. The 
latter divide into four lobes. The two median lobes (raesoraeres) unite 
to form the aedeagus; whereas, the lateral lobes (parameres) develop 
into parameral structures. Similarly, claspers wherever present have 
nothing to do with the parameres and may be taken as independent appen-
dages comparable with the styli of the apterygote insects (Akbar, 1958). 
With these basic ideas in mind, the present writer has undertaken the 
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study of the male external genitalia of S.. mauritia. 
The genitalia in S.. mawritia. are mostly concealed dorso-laterally 
by the seventh and eighth dorsums and ventre-laterally by the venters of 
the same segments. It is lying in the lap of the ninth sternum (IXS) 
which the present writer has declared as the subgenital plate. The male 
genitalia are formed of an unpaired intromittent apparatus (aedeagus) 
and a pair of parameres embedded in the diaphragma (D). The latter is 
an extensive membranous sheet formed by the membranous portions of the 
ninth and tenth segments in combination with the intersegmental membrane 
between these two segments. 
Paramere (Pmr). In ^. mauritia, there is a pair of well 
developed parameres limited antern-laterally by the ninth sternum. The 
paramere of Lepidoptera has been differently named by lepidopterists. 
The present writer however, fully agrees with Snodgrass (1957) in retain-
ing the term 'paramere' which was coined by Verhoeff as early as 1893, 
The paramere is a boat-shaped structure. It is placed lateral 
to the aedeagus (Aed) in such a manner that the bottom of the boat bulges 
out to form the slightly convex lateral surface of the paramere. The 
latter may be divided along an imaginary line (x-y) into basal and 
apical halves. The present writer calls the basal half as paramere proper 
(Pmr) and the apical half as parameral lobes (Pmrl). The paramere may 
be distinguished into a strongly sclerotized dorsal area and a semi-
sclerotized ventral area. The lateral area is extensively membranous. 
The conspicuously attenuated anterior margin of the paramere (am) abuts 
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against the poster ior margin of the ninth sternum. 
The dorsal area (da) of S. mauritia is comparable with the 
' cos t a ' of Lepidoptera (Sibatani et a l , 1954) and 'dorsal area ' of 
U. pulchella (Mathur, 1965; Ph.D. t h e s i s ) . In the middle the dorsal 
area is produced mesally into a curved sc l e ro t i c t r a n s t i l l a (Tr) . The 
curved nature of the t r a n s t i l l a and i t s mesally directed course makes 
i t to move towards the aedeagus, thereby, lying between the l a t t e r and 
the paramere. I t is provided with a muscle which on contraction brings 
the t r a n s t i l l a s t i U closer to the aedeagus thus a r res t ing the l a t t e r 
from s ides . The dorsal area of the paramere also bears a small spine-
l ike s t ruc ture (Lbs)which may be taken as the ' l a b i s ' of lepidoptera 
(Pierce, 1914). I t is however, devoid of muscle. 
The dorsal area of the paramere gives r i s e to a pair of parameral 
lobes (Pmrl). The larger one which looks l ike a club is named as outer 
dorsal parameral lobe (odPmrl), whose narrow basal portion is d i s t inc t ly 
sclerotized,whereas_, i t s broad apical portion is semisclerotized. The 
whole of the outer dorsal parameral lobe is studded with long setae and 
can be compared with 'costa-cum-cucullus' of Pierce (1914), Sibatani 
et a l (1954) and Bayer (I960, 1964). The inner dorsal parameral lobe 
(idPmrl), likewise, extends out from the dorsal area of the paramere 
as a f iger - l ike sclerot ized project ion. A similar process has been 
named as 'ampulla' by Pierce (1909) and 'dorsal process ' by Mathur 
(1965; Ph.D. t h e s i s ) . 
The broad ventral area (va) is semisclerotized. The proximal 
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portion of the mesal margin of ventral area is thickened and in com-
bination with the counterpart of the other side forms the interparameral 
bridge (PraB). The mesal margin of the ventral area leaving out the 
interparameral bridge is inflected to form a broad p la te called inner 
p l a t e of the pararaere. The l a t t e r is highly sclerot ized which in i t s 
an te r io r region is contiguous with the basal p la te of the gen i ta l ia . 
The inner p la te of the paramere may be compared with ' sacculus ' of 
Pierce (1909), Okagaki et a l (1955), Klots (1956) and Bayer (1965), 
The ventral area of the paramere also gives out a pair of lobes 
cal led outer ventral parameral lobe and inner ventral parameral lobe. 
The broad outer ventral parameral lobe (ovPmrl) is an extension of the 
seraisclerotized ventral area of the pararaere. The l a t t e r (va) in combi-
nation with the outer ventral parameral lobe (ovPmrl) may be compared 
with the 'valvula* of Pierce (1914). The mesal margin of the ventral 
area provides a r t i cu la t ion to an irregular-shaped sclerot ized s t ructure 
which is named as inner ventral parameral lobe (ivPmrl). The l a t t e r is 
composed of a proximal more or less serai lunar-shaped s c l e r i t e (1) which 
is dorsally produced into a knob-like s t ruc ture to receive the adductor 
muscle. This thickened s c l e r i t e is produced ventral ly in the form of 
a broad septum (m). The d i s t a l claw-like second part of inner ventral 
parameral lobe (n) may abut with the t ip of the inner dorsal parameral 
lobe. The inner ventral parameral lobe is the only mobile s t ructure of 
the paramere which is provided with muscle. Similar s t ruc ture has been 
named as ' c lasper ' by Pierce (1914) and 'harpe ' by Sibatani et a l (1954). 
I t is suggested that these terminologies may be replaced by inner ventral 
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parameral lobe. 
The outer dorsal parameral lobe and the outer ventral 
parameral lobe are separated with each other by a wide membranous area 
( l a ) . The l a t t e r is regarded as parameral lobe of the la te ra l area of 
paramere. 
Basal p la te (BP). The proximal ends of the inner plates 
of the paramere curve upwards to extend in antero-poster ior direct ion, 
thereby, resul t ing in the formation of an unpaired sc le ro t ic p la te 
cal led basal p l a t e . The broad proximal portion of the basal p la te 
r e s t s on the poster ior fork of the Interparameral bridge and is also 
connected with the l a t t e r by membranous intervent ion. The basal pla te 
i s attenuated in antero-poster ior direction with i t s apex d i s t inc t ly 
notched. This apical notched end of the basal p la te provides a ventral 
r e s t for the apical portion of the aedeagus and can r ight ly be compared 
with 'aedeagal fulcrum* of Carpocapaa pomonella L. (Snodgrass, 1957). 
The present wri ter agrees with Snodgrass (1957) in not accepting any 
homology of the aedeagal fulcrum with the ' juxta* of Lepidoptera proposed 
by Forbes (1939) and Klots (1956). 
Aedeagus (Aed). The aedeagus is a hollow cylindrical tube 
placed in the seventh abdominal segment. I t has penetrated through the 
diaphragraa (D) by i t s one-third apical por t ion. In other words the 
one-third apical portion of the aedeagus is enclosed by the diaphragma 
while i t s remaining two-thirds portion is naked. This condition 
amounts to giving suspension to the aedeagus from the diaphragma. I ts 
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highly sclerotized proximal portion is called the aedeagul apodeme 
(AedAp) which provides attachments to the protractor of the aedeagus. 
Similar unpaired component of the aedeagus has been named as 'Blindsack' 
and 'coecura' in A., paphia (Hanneraann, 1954) and C. subagqualis (Klots, 
1956) respectively. The walls of the aedeagus are sclerotized except 
for a small dorsal membranous region which provides entry to the 
ejaculatory duct (Dej). The aedeagus is lodged in an aedeagal pouch 
(AedP : probable representative of endotheca) and is supported from 
below by 'aedeagal fulcrum'. Dorsally the ejaculatory duct pierces 
through the proximal wall of the aedeagus to open into the endophallus 
(Enph). The opening of the ejaculatory duct into the endophallus 
denotes the true gonopore (Gpr). The endophallus is in the form of 
an eversible membranous tube. Its ventral wall is secondarily modified 
along a membranous strip into a semisclerotic plate (v?) which receives 
the retractor of the endophallus. The latter is in communication with 
the exterior through an aperture (Phtr) comparable with the phallotreme 
of U.. pulchella (Mathur, 1965; Ph.D. thesis). 
(iv) Muscles of the male genitalia 
(Figs. 73,76,82,83 and 84) 
The present writer has followed Alam (1953) in grouping the 
muscles which control the activities of the external male genitalia 
into 'Extrinsic' and Intrinsic'sets of muscles. Accordingly, those 
muscles which take their origin outside the genitalia are termed as 
extrinsic muscles and those which are confined within the genitalia 
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In respect to their origin, as well as, insertion are regarded as 
intrinsic muscles. On the basis of their comparative responsibility 
for activities of the genitalia, the extrinsic muscles In S^ . mauritia. 
have been further subdivided into direct and indirect muscles of the 
genitalia. The direct extrinsic muscles are those which originate in 
the ninth segment and are Inserted on any component of the genitalia; 
whereas the indirect muscles arise on the eighth segment to end on the 
ninth segment and also those muscles originating on the ninth segment 
and ending on the tenth segment. The latter group of muscles have been 
ascribed as genital muscles because of very close bearing of ninth 
and tenth segments on the working of the genitalia. Forbes (1939) in 
S. arctica. has also tried to group the muscles of the male genitalia 
into extrinsic and intrinsic types. His grouping is not free from 
ambiguity. Likewise, Bayer's (1965) proposed grouping of the muscles 
of genitalia in Lepidoptera appears to be defective. Other workers 
like Hannemann (1954) in A. paphla and Ehrlich and Davidson (1961) in 
D. plexippus. have not suggested categorisation of the muscles of the 
male genitalia. 
Direct extrinsic muscles of the genitalia 
Adductor of the transtilla (No. 125). This is a short and 
stout muscle arising dorsally on the lateral arm of ninth sternum. The 
fibres converge to end on the distal portion of the transtilla. This 
muscle on contraction pulls the transtilla downwards and inwards to 
enable it to arrest the aedeagus. 
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Abductor of the transtilla (No. 126). The abductor muscle 
of the transtilla arises on the antero-lateral margin of the ninth 
tergura. The fibres end on the distal tip of the transtilla. On con-
traction, this muscle pulls the transtilla upwards and outwards and the 
aedeagus is, thereby released. This muscle is reported for the first 
time in Lepidoptera. 
Protractor of the aedeagus (No. 127). This thick muscle 
originates on the dorsal surface of the lateral arm of ninth sternum. 
Running dorsally in anterior direction, the fibres end on the ventro-
lateral surface of the aedeagal apodeme, almost completely surrounding 
the latter. On contraction, the protractors pull the aedeagus in 
posterior direction, thereby enabling it to enter the bursa copulatrix. 
It may be compared with muscle 'pm' of E.. kuhnlella (Norris, 1932), 
'protractor of aedeagus' of S^ . arctica (Forbes, 1939), 'M. tegmino-
aedoeagalis' of A. paphia (Hannemann, 1954) and 'protractor of aedeagus' 
of Lepidoptera (Bayer, 1965). 
Retractor of aedeagus (No. 128). It is antagonistic to the 
protractor of the aedeagus and is quite stout. The muscle arises on 
the basal portion of ninth sternum. The fibres running in posterior 
direction end on the ventral wall of the aedeagal pouch. The contraction 
of this muscle brings the aedeagus back to its normal position after the 
copulation is over. It may be compared with muscle 'rml' of E.kuhniella 
(Norris, 1932), 'retractor of aedeagus' of S. arctica (Forbes, 1939), 
•M. vinculo-aedoeagalis' of A. paphia (Hannemann, 1954) and 'retractor 
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of aedeagus' of Lepidoptera (Bayer, 1965). 
Indirect ex t r ins ic muscles of the geni ta l ia 
F i r s t levator of the geni ta l ia (No. 129). I t is a long, 
s tout and highly twisted muscle which ar ises on the antero- la tera l angle 
of the inverted 'U'-shaped sc l e ro t i c p la te of the eighth tergum. Diverg-
ing l a t e r a l l y , the muscle descends to get inserted on the dorsal angle 
of the tapering la te ra l arm of ninth sternum. 
Second levator of the geni ta l ia (No. 130). This stout muscle 
a r i ses on the an te ro- la te ra l angle of the inverted 'U'-shaped sc le ro t ic 
p l a t e of the eighth tergum close to the origin of the f i r s t levator. 
I t descends obliquely to end on the dorsal angle of the tapering la te ra l 
arm of the ninth sternum an te r io r to the inser t ion of the f i r s t levator. 
The contraction of these levator muscles ra ises the genital ia 
upwards. Hannemann (1954) ca l l s these muscles as re t rac tors of the 
gen i t a l i a . Taking into consideration the course of these muscles in 
S^ - maurit ia. the function of re t rac t ion cannot be assigned to them. 
Indirect levator of the anal pouch (No. 131). This long and 
stout muscle originates on the an te ro- la te ra l angle of sc le ro t i c p la te 
of eighth tergum. The fibres converge poster ior ly to take a ventral ly 
directed course to end on the pos tero- la te ra l margin of the ninth 
tergum. The contraction of th is muscle pulls the ninth tergum upwards, 
thereby l i f t i ng the anal pouch dorsally in postero-anterior d i rec t ion . 
This displacement of the anal pouch from i t s normal place (posterior to 
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the aedeagus) provides a free passage for the aedeagus at the time of 
copulation to move towards the bursa copulatrix. Hannemann (1954) in 
4- paphia assignes the function of retraction of the genitalia to a 
similar muscle. 
First productor of the genitalia (No. 132). It is a thick 
muscle whose origin lies on the anterior margin of the sclerotic plate 
of eighth sternum. The fibres of this muscle ascend obliquely forward 
to become inserted on the lateral arm of the ninth sternum, posterior 
to the protractor of the aedeagus. It is comparable with muscle 'S_' 
of ^. arctica (Forbes. 1939). 
Second productor of the genitalia (No. 133). This stout and 
long muscle arises on the antero-lateral margin of the sclerotic plate 
of eigth sternum. Its fibres ascending in antero-posterior direction 
take a mesally directed course to become inserted on the median projection 
of ninth sternum. It may be compared with the muscle 'S,' of S.arctica 
(Forbes. 1939). 
The contraction of the productor muscles pulls the genital 
complex, which is kept in the lap of ninth sternum, in posterior direction, 
Consequently, the ma.jor portion of the male genitalia is exposed to be 
envolved in the act of copulation. Hannemann (1954) in A.paphia. regards 
these muscles as retractors of the genitalia. But the course of these 
muscles in S^ . mauritia. throws doubt on the validity of the function 
assigned to them by Hannemann. 
Depressor of the tenth teroura (No. 134). This muscle originates 
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on the eraarginated an te ro - l a t e ra l margin of ninth teraura. Running poster ior ly , 
the fibres get inserted on the ventral half of the anter ior rim of tenth tergum. 
On contract ion, th is muscle depresses the tenth tergum which in turn during 
copulation holds the female by pressing against the dorsum of i t s seventh 
segment. It is s imilar to 'Musculus uncotegminalis' of A^ . paphia (Hannemann, 
1954) and 'depressors of the uncus' of Lepidoptera (Bayer, 1965). 
Abductor of the anal poach (No. 134A).. This long and thin muscle 
takes origin on the an te ro - l a te ra l angle of the ninth tergum and discending 
obliquely backwards ends on the inner surface of the small sc le ro t ic plate in 
the ventral wall of the anal tube. This muscle primarily functions as indirect 
ro t a to r for incomplete rota t ion of the anal opening, thereby, closing the 
l a t t e r at the time of copulation. Besides, i t s dorso-ventral course suggests 
p a r t i a l l i f t i n g of the apical portion of the anal pouch above the level of the 
d i s t a l t i p of the tenth tergum at the time of mating so that the l a t t e r may 
grip the dorsum of the abdomen unhindered. This muscle may be compared with 
'Flexors of the anal tube' of Lepidoptera (Bayer, 1965). 
In t r ins i c muscles of the male geni ta l ia 
Adductor of the parameral lobe (No. 135). This thick muscle origina-
tes on the inner p la te of the paramere. The fibres ascending in somewhat obl i -
que manner, converge on the knob of the semilunar s c l e r i t e of the inner ventral 
parameral lobe. On contract ion, the muscle bends the inner ventral parameral 
lobe inwards, thereby grasping the apical portion of the female's abdomen from 
sides at the time of copulation. This muscle is s imilar to the ' f lexor of 
c lasper ' of S.arctica (Forbes.1939) and 'M.sacculo-ampullaris' of A paphia 
(Hannemann, 1954). 
Indirect levator of the aedeagus (No. 136). The indirect 
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levator of the aedeagus takes its origin on the basal portion of the para-
mere. Ascending in somewhat oblique fashion, the fibres get inserted on the 
anterior margin of the basal plate. On contraction, it pulls down the basal 
portion of the plate, with the result that its distal half is raised upwards. 
The basal plate by virtue of its being ventral to the aedeagus is likely to 
lift the latter, besides functioning as a rest for the aedeagus. Bayer (1965) 
although retaining the name 'flexors of the valvae' proposed by Forbes (1939) 
seems to disagree with him regarding its function. 
Retractor of the endophallus (No.137). This unpaird thick muscle is 
located within the aedeagus.Its fibres originate on the inner wall of the 
aedeagal apodeme. Running posteriorly, the fibres converge to end on the ven-
tral,semisclerotic plate of the endophallus.On contraction, this muscle 
retracts the everted endophallus to its normal position, at the end of the 
copulation. It may be compared with 'Retraktor der Vesica' of A. paphia 
(Hannemann, 1954). 
(v) Working of the male genitalia 
Prior to the copulation, the male comes very close on the side 
of the female. The willing female holds tip the wings, thereby exposing 
the abdomen. The contraction of the indirect extrinsic levators of the 
male raises the male genitalia upwards. Due to the contraction of the 
productor muscles, the genital complex protrudes out and becomes exposed. 
Further contraction of productor muscles of the genitalia, as well as, 
intersegmental muscles of the seventh and eigth abdominal segments 
turns the apex of the male abdomen towards that of the female. The 
contraction of the indirect levators of the anal pouch lifts the latter, 
as well as, the tenth tergum. The parameres being fully exposed, the 
male makes a swift grab of the female abdomen. Synchronizing with it, 
the contraction of the adductor muscles of the pararaeral lobe takes 
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place, resulting in the gripping of the sides of the female abdomen. 
The abductors of the anal pouch contracts followed by the contraction 
of the depressor muscles of the beak-shaped tenth tergum to effect 
complete hold of the dorsum of the seventh segment of the female. When 
complete gripping of the female by the male is attained, the latter 
under the action of abdominal muscles of the seventh and eighth segments, 
slowly moves around from a somewhat side position to an end to end 
position. The extrinsic adductor muscles of the transtillae contract 
enabling the latter to arrest the aedeagus from sides. The aedeagus is 
then lifted by the contraction of its intrinsic indirect levators. The 
direct extrinsic protractors of the aedeagus come into action and the 
aedeagus is, consequently fully protruded out to enter into the bursa 
copulatrix. At this stage the endophallus is everted and the male 
gonopore opens into the bursa copulatrix. 
When the mating is over the intrinsic retractor muscle of the 
endophallus contracts to withdraw the endophallus into the aedeagus. 
Simultaneously, the direct extrinsic protractors of the aedeagus relax 
due to which the aedeagus is withdrawn from the bursa copulatrix. Syn-
chronizing with it, the relaxation of the adductor muscles and the 
contraction of the abductor muscles of the transtilla take place with 
the result that the aedeagus is no. more arrested by the transtillae. 
The aedeagus is then brought back to its normal position due to the 
relaxation of its intrinsic indirect levators. The relaxation of the 
intrinsic adductors of the parameral lobe and the indirect extrinsic 
depressors of the tenth tergum loosen the male's grip on the female. 
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The relaxation of the indirect levator of the anal pooch brings the 
latter to its normal position. The anal pouch attains its normal shape 
due to the relaxation of its abductor muscles. In the absence of retractor 
muscles of the genitalia the latter is never withdrawn completely to 
its original position after the mating is over. This is perhaps the 
reason why a male is rendered unfit for a second mating. The copulated 
males may be easily identified by looking at its external genitalia 
which remains quite exposed. 
(b) Genital region of the female 
In S_. mauritia. the eighth segment does not contribute to the 
formation of external genitalia. Thus functionally only the ninth 
segment is responsible for it. Tlie ninth segment in the female is much 
reduced and fused with the tenth segment. This condition results in 
the formation of tubular apex of the abdomen which carries out the job 
of oviposition. 
The composite ninth and tenth segment is partly membranous with 
sclerotization limited to a pair of sclerotic plates which bear long 
setae. The anterior margin of each plate extends out in the form of a 
long apodeme (pAp) whose apex extends into the seventh segment. The 
apodeme serves as a place for the attachment of muscles of the genitalia. 
(i) The external female genitalia 
(Figs. 85,74 & 86) 
In _S. mauritia, as in most of the Lepidoptera, a typical ovipo-
sitor is lacking. The female has to simply deposit the eggs on the 
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leaves of plant and, therefore, the abdominal apex is so modified as 
to discharge this function s a t i s f a c t o r i l y . The ninth and tenth segments 
are completely merged to form the pseudo-ovipositor (pOvp). This termi-
nology is correct ly used by Mathur (1965; Ph.D. t h e s i s ) . However, other 
workers have named i t d i f ferent ly v i z . , ' subs t i tu t iona l ovipositor ' 
(Snodgrass, 1935), 'ov ipos i tor ' (Madden, 1944), 'papi l la anales ' (Klots, 
1956 and Ehrlich, 1958). The pseudo-ovipositor in S^ . mauritia. is 
extensively membranous with sc lero t iza t ion limited to a pair of la tera l 
s c l e ro t i c plates bearing long se tae . The anter ior rim of the pseudo-
ovipositor is in membranous connection with the eighth segment while 
i t s poster ior surface receives the anus (An) and the oviporous 
(opr) with the anal opening dorsally placed. The anter ior margin of the 
l a t e ra l p l a t e is produced into a long sclerot ized apoderae (pAp). The 
l a t t e r is d i s t i nc t ly longer than the apodeme (aAp) of the eigth segment. 
I t provides attachment to the muscles involved in the protrusion and 
re t rac t ion of the pseudo-ovipositor. 
( i i ) Muscles of the female geni tal ia 
(Fig. 86) 
The muscles of the external female geni ta l ia (pseudo-ovipositor) 
consist of ex t r ins ic muscles only. Like that of the male genital ia the 
en t i r e set of muscles control l ing the a c t i v i t i e s of the pseudo-ovipositor, 
i s d iv i s ib le into d i rec t and indirect ser ies of muscles. The direct 
ex t r ins ic muscles are those which take origin on seventh and eigth segments 
and get inserted on the pseudo-ovipositor. The indirect ex t r ins ic muscles 
being those which a r i s e on the seventh segment and end on eigth segment. 
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The close association of the pseudo-ovipositor with the eighth segment 
has lead the present wri ter to include such muscles in the category of 
genital muscles. This seems to be jus t i f i ed as the geni ta l ia are t e l e s -
coped into the eighth segment and any ac t iv i ty of the l a t t e r wi l l have 
i t s effect on the gen i t a l i a . 
Diyect ex t r ins ic muscles of the geni ta l ia 
F i r s t protractor of the pseudo-ovipositor (No. 138). This is 
a slender muscle whose fibres or iginate on the poster ior margin of the 
eighth tergum. Taking up a disto-proximal course, the fibres converge 
to end dorsally on the apex of the poster ior apodeme. On contraction, 
the muscle pul ls the poster ior apodeme backwards, thereby, protract ing 
the pseudo-ovipositor. I t may be compared with the muscle ' g ' of 
£ . kuhniella (Norris, 1932). Hannemann (1954) has not shown such a 
muscle in A. paphia. 
Second protractor of the pseudo-ovipositor (No. 139). It is 
a well developed muscle a r i s ing on the pos te ro- la te ra l margin of the 
eighth tergum. Ascending obliquely in disto-proximal direct ion, i t ends 
ventra l ly on the apex of the poster ior apodeme. On contraction, i t pulls 
the poster ior apodeme backwards resul t ing in the protrusion of the pseudo-
oviposi tor . Though primarily i t is a protractor muscle i t s insertion at 
a level much higher than i t s origin suggests the poss ib i l i ty of the 
pseudo-ovipositor being t i l t e d upwards. As such i t may be considered 
having combined the responsib i l i ty of 'M. sterno-postapophysalis major' 
and 'M. sterno-postapophsalis minor' of A^ . paphia (Hannemann. 1954). 
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Depressor of the pseudo-oviposltoT (No. 140). This is a very 
long muscle a r i s ing l a t e r a l ly on the apex of the anter ior apodeme. Des-
cending obliquely, in proximo-distal d i rec t ion, the muscle ends ventrally 
on the anter ior rim of the pseudo-ovipositor. The muscle on contraction, 
pul ls the anter ior rim of the pseudo-ovipositor forwards and upwards. 
This, consequently, depresses the pseudo-ovipositor which helps in fixing 
the eggs on the substratum. 
Retractor of the pseudo-ovipositor (No. 141). This is a 
thin and long muscle, which ar ises dorsally on the apex of the anter ior 
apodeme. Running proxirao-distally, the muscle ends on the bulbous base 
of the poster ior apodeme. This muscle, on contraction pulls back the 
protruded pseudo-ovipositor, thereby, res tor ing i t s normal posi t ion. I t 
Is comparable with muscle ' b ' of E^ . kimiella (Norris, 1932) and 'M, in te r -
apophysalis ' of 4« paphla. (Hannemann, 1954). 
Indirect ex t r ins ic muscles of the geni ta l ia 
Protractor of the pseudo-ovipositor (No. 142). This muscle 
takes origin on the poster ior most portion of the l a t e ra l margin of the 
seventh sternum. The fibres ascending, obliquely in disto-proximal 
direct ion end ventral ly on the apex of the an te r ior apodeme. On contraction, 
the muscle pulls the eighth tergum backwards and downwards which carries 
with I t the pseudo-ovposltor. This muscle is primarily an indirect 
pro t rac tor of the pseudo-ovipositor, but the course adopted by th is muscle 
suggests that i t can help in levating the pseudo-ovipositor as wel l . This 
muscle is reported for the f i r s t time in Lepidoptera. 
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F i r s t r e t r ac to r of the pseudo-ovipositor (No. 143). This 
s tout muscle originates l a t e r a l ly on the pos ter ior half of the seventh 
tergura. I t s pa ra l l e l fibres run obliquely in antero-posterior direct ion, 
to end l a t e ra l ly on the an te r ior margin of the eighth tergum. I t may 
be compared with muscle 'X, ' of A. paphia (Hannemann, 1954). 
Second re t rac tor of the pseudo-ovipositor (No. 144). This is 
very stout muscle, or iginat ing by a broad base l a t e ra l ly on the ante-
costa l r idge of the seventh tergum. Running in antero-posterior 
d i rec t ion , the fibres converge to end on the apex of the anter ior 
apodeme. I t is comparable with muscle ' C of ^ . ktthniella. and muscle 
'Xg' of A. paphia. 
Third re t rac to r of the pseudo-ovipositor (No. 145). This is 
a long and thin muscle, a r i s ing on the antecostal ridge close to i t s 
l a t e r a l l imi t , the fibres t r ave l l ing in antero-poster ior d i rect ion, 
end on the base of the an te r ior apodeme of the eighth tergum. I t 
may be compared with muscle 'Xg' of A, paphia. 
Fourth re t rac to r of the pseudo-ovipositor (No. 146). This is 
a lso a narrow and long muscle. I t ar ises on the antecosta, immediately 
l a t e r a l to the origin of th i rd r e t r ac to r . This muscle descends 
obliquely in antero-poster ior direction and get insetted on the antero-
l a t e r a l angle of the eighth tergura. I t has been recorded for the f i r s t 
time in Lepidoptera. 
At the time of copulation the four indirect ext r ins ic re t ractors 
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of the pseudo-ovipositor, contract resul t ing in re t rac to r of eighth 
segment of the abdomen, into the seventh segment, carrying along with 
i t the pseudo-ovipositor as wel l . This brings perfect telescopic 
condition of the eighth segment within the seventh and that of the 
pseudo-ovipositor within the eighth segment. Due to the retract ion of 
the pseudo-ovipositor, the bursa copulatrlx is left fully exposed for 
accomplishment of a perfect mating. After the copulation is over, the 
normal semi-telescopic condition is restored due to the relaxation of 
the indirect ex t r ins ic re t rac tors of the pseudo-ovipositor. Such a 
function of these muscles have not been assigned so far in Lepidoptera. 
Dilator of the vagina (No, 147). I t is a long muscle ar is ing 
by a narrow base on the apex of the anter ior apodeme of the eighth 
tergum. Running antero-poster ior ly , the muscle gets inserted on the 
l a t e r a l wall of the vagina. On contraction, the muscle d i la tes the 
l a t t e r , in order to f a c i l i t a t e the passage of eggs during oviposition. 
Dilator of the bursal duct (No. 148). The d i l a to r of the 
bursal duct is a s tout and thick muscle, a r i s ing l a te ra l ly on the 
pos ter ior one-third of the seventh sternum. The para l le l fibres travel 
pos ter ior ly to end on the l a t e r a l wall of the posterior portion of the 
bursal duct. On contraction, th is muscle d i la tes the mouth of the bursal 
duct, thereby, enabling the aedeagus to enter the bursa copularix eas i ly . 
I t may be compared with 'M. s terno-bursal is l a t e r a l i s ' of A^. paphia 
(Hanneraann, 1954). 
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( i i i ) Working of the female geni ta l ia 
In £. maurit ia. the main function of the pseudo-ovipositor is 
the deposition of eggs. At the time of oviposition the indirect 
protractors of the pseudo-ovipositor contract for protruding out, as 
well as , for levating the pseudo-ovipositor. The protrusion is completed 
by subsequent contraction of the direct protractors of the pseudo-
oviposi tor . This is followed by the di la t ion of the vagina as a resul t 
of contraction of i t s d i l a to r muscles to permit onward flow of eggs. 
The di rect depressors of the pseudo-ovipositor come into play and the 
egg is firmly glued to substratum. After the deposition of one egg, 
the depressors of the pseudo-ovipositor relax for a while before repeating 
the act of egg laying. When the female has deposited one set of eggs 
the pseudo-ovipositor is raised as a resul t of the relaxation of i t s 
depressor muscles. Simultaneously, the di rect as well as indirect 
p ro t rac tor muscles relax and the pseudo-ovipositor is brought to i t s 
normal pos i t ion . 
( I l l ) The postqenital region 
The postgenital region in male consists of the tenth segment 
only. This segment is represented by tubular , curved, sclerot ized 
tergum (XT) and extensively, more or less , membranous sternum ( XS). 
The anter ior margin of the tenth tergum, therefore, becomes an annular 
rim which is in membranous continuity with a part of the poster ior 
margin of the preceding tergum (IXT), as well as, with the extensive 
membranous tenth sternum (XS). 
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The extensive membranous tenth sternum is anteriorly confluent 
with the diaphgrama (D). To be very exact, this sternum is like a 
subtriangular pouch (c, d, e) having its base(c,d) contiguous with 
the lateral margins of the ninth tergum (IX T) and with the anterior 
rim of the tenth tergum (X T) at the point of association of the ninth 
tergum with the tenth tergum. The anterior basal angle (c) of the 
tenth sternum (X S) is in continuity with the corresponding portion of 
the ninth sternum (IX S) and with the membranous eighth tergum (VIII T) 
at the latter'sjunction with the ninth tergum (IX T). In other words, 
the tenth sternum may be taken as a pouch suspended from the ninth and 
tenth terga, as well as from the ninth sternum. The vertex (e) of 
the tenth sternum is rounded possessing the anal aperture (An) on it. 
The posterior side of the tenth sternum possesses a narrow inverted 
'D*-shaped sclerite. The apices of these sclerites (f,f) clamp the 
anal aperture laterally while its basal portion (g) expands out to lie 
in close association with the ventral portion of the anterior rim of 
tenth tergum (X T). 
There is no conventional postgenital region in the female. As 
a matter of fact the ninth and tenth segments are secondarily modified 
to discharge the responsibility of the external female genitalia. 
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4. THE INTERNAL ANATOMY 
(i) The Digestive system 
(Figs. 7,67,88,89,%,91,92,93.94 and 95) 
The alimentary canal of S. mauritia. extending from mouth to 
anus, is a relatively straight tube except in the region of vertriculus 
and intestine, where it is distinctly convoluted. It is divisible into 
three main regions: stomodaeum, mesenteron (ventriculus) and proctodaeum. 
The true mouth as discussed earlier is located high up in the head capsule 
and divides the sucking pump into its anteriorly placed dibarial and 
posteriorly placed pharyngeal region. 
1. Stomodaeum 
The stomodaeum consists of pharynx,oesophagus,proventriculus and crop. 
Pharynx (Phy). The terra "pharynx" is given to the region of the 
stomodaeum immediately behind the true mouth. In S.mauritia. as well as, in 
many other Lepidoptera.for example; Plusia gamma. Arctia caja, Hepialus humnli. 
H.lupulinus and Pletella maculipennis (Mortimer,1965), the pharynx is merged 
with the preoral cibarium to form a complex sucking pump.This region of the 
pharynx as already discussed is provided with strong dilator muscles. 
Oesophagus (Oe). The oesophagus is a straight tube which comprises 
greater part of the stomodaeum. It is very narrow and tubular, extending 
from the head to the second abdominal segment. At its posterior end, the 
oesophagus develops a dorsal diverticulum called crop, just before coiwau-
nicating with the proventriculus. 
The oesophagus is provided with only circular muscle layer (cmcl), 
Thet* is no trace of longitudinal muscle layer. Miller (1950) also in 
D. melanogaster. could not find longitudinal muscle layer. According 
to Mortimer (1965) both muscle layers are absent in H. hamuli and 
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H,. lupulinus. On the other hand in P.. gamma. he has reported the 
presence of both longitudinal and circular muscle layers, though the 
arrangement of the two layers is different from the general pattern 
in the sense that the longitudinal muscle is shown to form an outer 
layer instead of being internal to the circular muscle layer. Next to 
the circular muscle layer, there is the thin basement membrane (BMb) 
which separates it from the epithelium. The epithelium (sEpth) of the 
oesophagus is more or less syncytial in nature with finely granulated 
cytoplasm. The nuclei (nu) are small and distributed irregularly. 
Henson (1931) in larva of Vanessa urticae and Grell (1938) in Panorpa 
communis. have also recorded syncytical epithelium in oesophagus. 
Similar is the observation of Mortimer (1965) in H.. lupulinus and H.humuli. 
Pyle (1940) in Callosomia premethea. however, has recorded distinct 
cellular epithelium. 
The entire oesophageal epithelium is internally lined by Intima(Tn) 
and is also thrown into longitudinal folds hanging into the lumen. 
These folds are almost uniform throughout the length of the-oesophagus, 
thus differing from the condition in S. deesae (Alam, 1953) where these 
folds get deeper and deeper in antero-posterior direction ultimately 
forming the oesophageal valve. Its absence in S_. mauritia. may be 
attributed to the fact that the oesophagus and crop relationship is not 
so perfect as in S_. deesae. 
Crop (Cr). The crop is large sac-like structure forming 
dorsal diverticulum. When fully distended, it occupies the upper 
portion of the first five abdominal segments. However, under unfed 
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condition it is confined to the first three abdominal segments only. 
Histologically, there is very little difference between the 
oesophagus and the crop. The intima (In) is less thick and the epithe-
lium (sEpth) Is profusely folded under unfed condition. The circular 
muscle layer (cracl) is weak and the longitudinal muscle layer is absent. 
Mortimer (1965) also does not mention the presence of longitudinal 
muscles in A,, caja. 
Proventriculus (Prvent). It represents the posterior most 
region of the stmodaeum as short tube communicating with the crop (Cr) 
at one end and the mesenteron (Ment) at the other. Histologically it 
is identical to the oesophagus. As this moth is a liquid feeder,the 
proventriculus is not developed into a crushing centre and functions 
only as a passage for the descent of food. Akbar (1958) in L. varicornis. 
also attributes the lack of proventriculus armature to sucking habit of 
the bug. Mortimer (1965) in A^ . caja^ , does not find any proventriculus; 
whereas. In P^ . gamma. he reports the presence of a short proventriculus 
and calls it 'intermediate chamber'. 
The storaodaeal valve (svlv) is formed by the posterior tip of 
the proventricular epithelium, which is hanging into the lumen of the 
ventriculus. It is in the form of a double-walled tube. The entire 
surface of the stomodaeal valve is covered over by an intima (In) which 
is continuous with that of the oesophagus. The outer wall of the 
stomodaeal valve ultimately merges with the epithelial lining of the 
mesenteron. The present writer is of the opinion that in S^ . maurltla. 
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it does function as a valve to control the flow of food in right 
direction. This suggestion obviously, runs counter to the opinion 
of Mortimer (1965) in the case of A. caia. 
2. Mesenteron (Ment) 
The mesenteron is much broader than the stomodaeum and unlike 
the latter it is in the form of a convoluted tube. The mesenteron 
runs from the second abdominal segment to the fifth abdominal segment. 
Its size and shape is variable depending upon the quantity of the food 
material within it. In the unfed condition it develops wrinkles all 
over its surface. 
The histology of the ventriculus is different from that of 
the stomodaeum. The external placed longitudinal muscle layer (Imcl) 
is followed by a distinct circular muscle layer (cmcl). A clear 
basement membrane (BMb) provides support to the underlying epithelium 
(Epth). The latter consists of tall, collumnar cells with thickly 
granulated cytoplasm and conspicuously large nuclei (nu) in the centre. 
The nuclei show distinct chromatin granules. The epithelium is thrown 
into distinct villi. The internal border of the epithelial cells is 
striated (sb). Similar epithelial cells with striated border have 
been observed by Mortimer (1965) in A^ . caia and Mathur (1966) in the 
larvae of Achaea ianata. Pyle (1940), however, does not record the 
striated border in C_. preraethea. In Cecropla. Anderson and Harvey 
(1966) have found, with electron microscope, that basal region of the 
columnar cells is deeply dissected by irregular foldings which may 
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extend two-thirds of the way to the apical border, beyond the level 
of the nucleus (vide; Smith, 1968). However, under light microscope 
no such infoldings are visible in S_. mauritia. 
Peritrophic membrane. The peritrophic membrane is 
wanting in ^. mauritia. as also in certain other Lepidoptera (vide; 
Waterhouse, 1953 and Mortimer, 1965). In many other liquid feeding 
insects for example; L. varicornis (Akbar, 1958) the peritrophic 
membrane is reported to be absent. It has generally been accepted that 
the peritrophic membrane is a protective device for saving the midgut 
epithelium from being damaged by hard particles of food, thereby, 
serving a role which is equalent to that of the mucus in mammals 
(Day, 1949 ; Waterhouse, 1953;^ Wigglesworth, 1965). But Waterhouse 
(1953) has further recorded its absence in some insects which feed on 
solid food (Carabidae and Dytiscidae). He has also recorded its presence 
in certain other insects which feed on liquid food (adults of certain 
Lepidoptera and Dlptera). In view of these diverse observations the 
present writer feels inclined to suggest that the absence or presence 
of peritrophic membrane in insects should not in a generalized manner 
be correlated with the feeding habits of insects. 
Regenerative cells (rg). Besides the large columnar cells 
of the ventricular epithelium, there are also present a large number 
of small regenerative cells. Each cell is somewhat oval in outline. 
The nucleus is comparatively much smaller than that of a cdlluranar cell. 
The regenerative cells are generally arranged into nidi of four to ei^t 
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c e l l s , a t the base of the v i l l i . Alam (1953) in S^ . deesae. shows each 
nidus to consists of two to four c e l l s . Pyle (1940) in C. premethea 
make no mention of the regenerative c e l l s . The l a t t e r are also shown 
to be absent in P.. qarmaa and A. fiaja. (Mortimer, 1965). Mathur (1966) 
in A.. Janata ca l l s them as ' i n t e r s t i t i a l c e l l s ' . 
Mode of secretion in the ventriculus 
In S_. mauri t ia . the holocrine mode of secretion has been recorded. 
I t is carr ied out in the following manner: 
(a) Squeezing out of the ep i the l i a l c e l l s . When the ep i the l ia l 
ce l l s of the ventriculus are fully ladden with digestive enzymes, thei r 
inner wall burst to provide passage for slow oozing out of the digestive 
enzymes into the lumen of the ventr iculus . These cel ls la ter on d i s -
in tegra te to be replaced by new ones which develop from the regenerative 
c e l l s . Similar mode of secretion is reported by Alam (1953) in S.deesae. 
(b) Delamination of portions of epithelium. In the event of 
greater requirement of enzymes, the ep i the l i a l ce l l s which are loaded 
with enzymes are occasionally sloughed off in groups, thus f i l l i ng the 
vent r icular lumen with suff ic ient quantity of enzymes. These pieces 
of epithelium are replaced by new ones formed by act ivat ion of the n id i . 
Alara (1953) has shown a s imilar mode of secretion in S^ . deesae. 
The opening of the ventriculus into the proctodaeum is guarded 
by a weak pyloric valve. The histology of the pyloric valve is basically 
ident ica l with that of the raesenteron. The ep i the l i a l ce l l s forming the 
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valve possess d i s t inc t s t r i a t e d border (sb) and lacks in intiraa. The 
presence of s t r i a t ed border and the absence of intlma, clearly bear 
testimony to the ventr icular nature of the valve. Thus unlike S.deesae 
(Alam, 1953) and the honey bee (Snodgrass, 1956) where the pyloric 
valve is j o in t l y contributed by the ventr icular and proctodaeal epi thel ia , 
the valve in S^ . maurit ia. is formed by the ventr icular epithelium alone 
3 . Proctodaeum 
The proctodaeum is the last region of the alimentary canal 
extending from fifth to tenth segment of the abdomen and opens to 
exter ior by the anus (An). In S_. maurit ia. i t may be subdivided into 
i n t e s t i ne and rectum. 
In tes t ine ( I n t l . The in tes t ine is a long, narrow convoluted 
tube. All along i t s length the in tes t ine is overlaid by the raalpighian 
tubules (Mai). The epithelium (sEpth) of the in tes t ine is syncytial 
with small but d i s t inc t nuc le i . There is thin basement membrane (BMb) 
which supports the epithelium. Internal ly the epithelium is protected 
by ad i s t inc t intiraa ( I n ) . The epithelium as a whole also shows weakly 
developed longitudinal folds. The in tes t ine is provided with-a thick 
layer of c i rcu la r muscle fibres (cmcl). The longitudinal muscle fibres 
are wanting. However, in A_- gamma and A_. caja_(Mortiraer, 1965) and also 
in A. proxima (Dhillon, 1966) both the c i rcu la r and longitudinal muscle 
layers are reported to be present . Shukla and Kumar (1969) on the other 
hand, have reported a non-muscular ' i leum' in Odoiporus lonqicol l i s . 
- 161 -
Rectum (Sect). Tlie rectum is a large sac-like chamber receiv-
ing the intestine in its proximal half and distally connecting with the 
exterior by the anus (An). Its anterior end is blind. The rectal 
epithelium (sEpth) is much flattened and is internally protected by an 
intimal lining (In). Like the intestine the epithelium of the rectum 
is syncytial. Externally the epithelium is covered over by a layer of 
circular muscle fibres (cmcl) which in turn is overlaid by longitudinal 
muscle fibres (Imcl). In the anal region the circular muscles are very 
strong, functioning as sphincter. Oschman and Wall (1969) have also 
shown both the circular and longitudinal muscle layers in Periplaneta 
americana L. 
The wall of the rectam is impregnated with a number of circular 
rectal papillae (rp). The latter are found in single and paired forms 
which are here named as monopapillar and dipapillar types. However, 
in histological details these do not differ. A typical rectal papilla 
(rp) is double layered with an enclosed narrow lumen called paplllar 
lumen (luraP). The latter separates the two layers incompletely in the 
case of monopapillar type; whereas, in the dipapipallar type, the two 
layers coalesce together thus displacing the lumen completely. The 
epithelium (sEpth) of the rectum branches off to form two layers of the 
rectal papilla. The Inner syncytial layer (iEpth) which is protected 
by a very thin intimal covering is broad with fewer large oval nuclei 
(nu) having thick chromatin granules scattered under no definite plan 
in the case of monopapillar type but these nuclei in dipapillar type 
are arranged centrally. The outer layer (oEpth) in both types is also 
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syncytial having large number of distinct nuclei (nu) scattered all 
over. The outer layer in the case of monopapillar type Is much broader 
in the central region; whereas, in the dipapillar type it is almost a 
uniform layer. 
Palm (1949) while describing the rectal papillae of insects 
has given two diagraraes in the case of Lepidoptera, which may be taken 
similar to the 'monopapillar' and 'dipapillar' types of rectal papillae 
of ^. mauritia. Pyle (1940) in C. premethea has recorded only one type 
of rectal papilla which is comparable with the 'monopapillar' type of 
S. mauritia. 
The rectal papillae may be regarded as absorptive regions of 
rectum. These papillae absorb watery contents from the faecal matter 
and pass it on to the blood for circulation, thereby, playing an important 
role in the conservation of water. Gupta and Berridge (1966 ) in 
Calliphora ervthrocephala Meig., also regard it as water absorbing regions 
but are of the opinion that the papillae remove water from the rectum 
only as a consequence of active transport of ions from the lumen (vide; 
Smith, 1968). However, Oschraan and Wall (1969) in Periplaneta americana. 
have shown that there is a net flow of water from rectal lumen to 
subepithelial sinus even without a proportional flow of ions. They have 
further suggested a system for solute recycling in which the transported 
ions can be returned to the cell to be re-used to generate the osmotic 
gradients needed to produce a flux of water. 
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(ii) The Salivary glands 
(Figs. 7,87 & 96) 
The salivary glands (SlGl) consist of a pair of long convoluted 
narrow tube lying in the thorax. Each gland runs anteriorly along the 
side of the oesophagus. On reaching the anterior limit of the raesothorax 
it takes a backward turn to run upto the anterior margin of the meta-
thorax. It again takes up an anteriorly directed course and on reaching 
the prothorax communicates with the lateral salivary duct (ISID). The 
two lateral salivary ducts converge and unite to form the common salivary 
duct (SID) in the cervix region before entering the cranium. The common 
duct runs below the sucking pump (SP) to open at the base of the food 
meatus (fm). Just before its opening, the common duct expands to form 
the salivarium (Slv) which is provided with a pair of dilator muscles. 
The epithelium (Epth) of the gland consists of distinct cuboidal 
cells having densely granulated cytoplasm and oval-shaped nuclei (nu). 
Internally the epithelium is covered over by intima (In); whereas, 
externally it is limited by a thin basement membrane (BMb). There is 
no muscular layer. Similar histological structure of the gland has 
been reported by Alam (1953) and Dhillon (1966) in S^ . deesae and A. proxima 
respectively. In Periplaneta americana. Kessel and Beams (1963) have 
shown with the help of electon microscope the secretory cells lined with 
'porous material'. 
There is almost no histological difference in the salivary gland 
and the duct. The nuclei in the cells of the duct's epithelium are smaller 
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but more in number. 
( i l l ) The excretory system 
(Figs .87 and 97) 
The excretory system consists of three pairs of raalpighian 
tubules (Mai). The three tubules of one s ide unite to form a short 
common tube which opens at the junction between the raesenteron and 
proctodaeum. The tubules are very long and convoluted, lying around 
the mesenteron and the proctodaeum. 
The raalpighian tubules are of almost uniform cross sect ion. The 
ce l l s of the epithelium (Epth) are cuboidal with faint ce l l membrane. 
The cytoplasm is granulated with fa i r ly large and rounded nucle i . 
In ternal ly the epithelium is lined with a d i s t i nc t brush border (sb) , 
while externally i t is covered over by a basement membrane (BMb). The 
'brush border ' have also been observed by Wigglesworth and Salpeter 
(1962) in Rhodnius prolixus S. , under the electron microscope. Histolo-
gica l ly the raalpighian tubules resemble the ventriculus and are probably 
endoderraal in or ig in . This contention of the present wri ter is further 
strengthened by the presence of the s t r i a t ed border. Further, i t gets 
firm support from the embryological and postembryological observations 
of Henson (1931, 1932 and 1945) on V. u r t i cae . P. brassicae and Calliphora 
respect ive ly . The endoderraal nature of the tubules has also been 
asserted by Trapmann (1923), T i r e l l i (1929), Weil (1935), Alam 
(1953) and Dhillon (1966). Sander (1956) in Pvr i l l a perpusil la W., 
and Farooqi (1963) in Athalia proxima K., are of the opinion that the 
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malpighian tubules are ectodermal in nature. Snodgrass (1956) in the 
honey bee admits the ident i ty between malpighian tubules and the vent r i -
culus but make no def in i te commitment. He suggests that this resemblance 
is the resu l t of a 'common adaptation to funct ion ' , rather than an evidence 
of the i r homology. 
( iv) The ci rculatory system 
(Figs . 98,99,100 & 101) 
The vascular system of S^ . maurit ia. includes the haeraocoele, 
median dorsal vessel , the accessory p u l s a t i l e organ, dorsal and ventral 
diaphragms. 
The dorsal and ventral d iaphra^s are confined to the abdominal 
region, dividing the haemocoele into three longitudinal chambers, v i z . , 
per icardia l sinus (DS), perineural sinus (VS) and viscera l sinus (PvS). 
The per icardia l sinus contains the hear t , the v iscera l sinus provides 
space for the visceral organs while the perineural sinus possesses the 
ventral nerve cord. 
The dorsal vesse l . The dorsal vessel is the chief pulsating 
organ of the circulatory system lodged over the dorsal diaphragm. I t 
extends from the seventh abdominal segment to the head and is morpholo-
gica l ly dist inguishable into the heart and aor ta . 
The heart (Ht). The heart Is almost of uniform cross section 
and running under the terga along midlongitudinal l ine spreads between 
the seventh and f i r s t abdominal segment. I t is l a t e ra l ly perforated by 
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seven pairs of ost ia (Ost), the internal flaps of which serve as 
valves preventing the outward flow of blood frora the hear t . Due to 
the presence of seven pairs of ostia the heart is divided into eight 
chambers. 
The aorta (Ao). The aorta is a narrow, tubular thin walled 
continuation of heart which is stretched frora f i r s t abdominal segment 
to head. The aorta on leaving the hear t , dives ventral ly beneath the 
second phragma ( 2Ph) . In the raesothorax, the aorta ascends to reach 
the scutoscute l lar ridge (vr) and making a sharp loop descends to the 
level of oesophagus. Extending forward, the aorta runs across the 
prothorax and the cervix to enter the head capsule through the foramen 
magnum. Within the head i t abruptly widens to form a sac- l ike 
s t ruc ture (FS) before opening below the frontoclypeus. 
The accessory p u l s a t i l e organ. In the raesothorax the aorta 
forms an accessory pu l s a t i l e organ for proper circulat ion of blood in 
the ax i l l a ry region of the forewings. This accessory pu l sa t i l e organ 
consists of a ve r t i ca l chamber in the form of a club-shaped sac lying 
in close proximity to the scutoscute l lar r idge. I t is connected with 
the ascending (pAo) and descending (aAo) aor t i c branches, which adhere 
to each other for a short d is tance. The chamber is provided with a 
pai r of dorsal incurrent os t ia (ThOst) in the manner reported by Hessel 
(1966, 1969) in Lepidoptera. There is a con t rac t i l e muscular diaphragm 
{ 2Dph) s i tua ted beneath the mesothoracic scutellum (Scl^) . This dia-
phragm serves to direct the flow of haemolymph anter ior ly to the os t ia l 
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region of the pulsatile organ (vide; Brocher, 1919 and Gerould, 1938). 
The chamber itself is supported and attached to the scutellum by a thin 
septum (Te). 
The dorsal diaphragm (dDph). The dorsal diaphragm is quite 
well developed in the form of a continuous sheet of membrane, stretched 
underneath the abdominal dorsum, thereby, forming a bed for the heart. 
It, incompletely separates a pericardial sinus from the visceral sinus. 
Laterally, the diaphragm is attached to the antero-lateral angles of 
eighth to second terga. The lateral margins of diaphragm are corrugated 
to allow communication between the pericardial and visceral sinuses. 
The diphragm is provided with seven pairs of alary muscles (No. 149). 
Each muscle has its root fixed into the antero-lateral angle of the 
tergum concerned, wherefrom the muscle fibres diverge directed raesally 
to end by spreading on the lateral surface of the heart. 
The ventral diaphragm (vDph). The ventral diaphragm is 
weakly developed as a narrow sheet of membrane stretched from first to 
seventh abdominal segments. It provides a dorsal cover to the ventral 
nerve cord (VNC) and encloses the perineural sinus which communicates 
with the visceral sinus laterally due to corrugated margins of the 
diaphragm. There are seven pairs of alary muscles (No. 150) in the 
ventral diaphragm. Richards (1963) in Lepidoptera has also shown a 
ventral diaphragm; whereas Gerould (1938) in Bombyx mori L.. does 
not record it. 
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(v) The respiratory system 
(Figs . 28.57,102.103.104.105,106 t 107) 
The respiratory system of S^ . rtiauritia. consists of nine pairs 
of sp i rac les , tracheae anci a i r sacs . The f i r s t two pairs of spiracles 
(Sp2, Sp3) open in the in te rp leura l areas between f i r s t and second and 
between second and th i rd thoracic segm«its. The remaining seven pm'rs 
are located in the segmental pleura of the f i r s t seven abdominal segments. 
Ritcher (1969) in adult Scarabaeoidea, has shown upto eight pairs of 
functional spiracles in the abdomen. 
Spiracles (Figs. 102, 103, 104 and 105) 
F i r s t pa i r of thoracic sp i r ac l e s . The f i r s t thoracic 
sp i rac le is more or less oval in shape. A d i s t i nc t sclerot ized spiracular 
rim (Spr) encloses a narrow aperture (Spap). The l a t t e r opens into a 
suncken atrium whose inner wall Is provided with a well developed f i l t e r 
apparatus ( f a ) . The l a t t e r consists of long f inger- l ike intimal 
projections densely clothed with fine hairs which prevent foreign matter 
from entering the respiratory system. Mathur (1967) in U. pulchella, 
has shown more or l e s s , simil?)r s t ruc ture and arrangement of the f i l t e r 
apparatus. Beckel (1956) in Hylophora cecropia L.. has reported f i l t e r 
apparatus at the bottom of the a t r i a l chamber; whereas, Tonapl (1959) 
in Gorycera cephalonica. shows i t a r i s ing from the 'pe r i t reme ' . 
Ventrally the spiracular rim (Spr) projects out in the form of 
a stumpy ventra l process (vp) which is the seat of oriciin of the occlusor 
muscle of the sp i r ac l e . The atrium leads Into the spiracular trachea. 
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Near the i r junction, is located an internal closing apparatus consisting 
of a non-taobile sclerot ized poster ior lio (pi) and a partly sclerotized 
movable an te r ior l i p . Dorsally the anter ior l ip and the posterior l ip 
a re connected through dorsal hinge l ine (dh). The dorsal half of the 
an te r io r l ip is sclerot ized and forms the dorsal process (dp). The la t te r 
gradually tapers in the form of lever ( le) which provides insertion for 
the occlusor muscle. The ventral half of the anter ior l ip is e las t i c 
and forms the valve (v lv) . Mathur (1967) in U. pulchella. however, 
finds a completely sc lerot ized anter ior l ip in the f i r s t thoraeic spiracle 
which represents the combined 'dorsal process ' and the 'valve* of genera-
lized in te rna l closing apparatus (Snodgrass, 1935). There is no d i la tor 
muscle for f i r s t thoracic sp i rac le in S_. mauri t ia . nor i t has been recorded 
in C. cephalonica (Tonapi, 1959) or U. pulchella (Mathur, 1967). 
Occlusor muscle of the f i r s t thoracic spiraclg (No.151). It is a 
s tout muscle and originates on the ventral process of the spiracular rim. 
Ascending obliquely forwards, the fibres are inserted on the lever of 
the dorsal process. On contract ion, the muscle pulls the lever downwards 
with the resu l t that the valve is pressed against the non-mobile posterior 
l ip and, thereby, the passage to the trachea is closed. On relaxation of 
the occlusor muscle, the lever returns to i t s normal position by i t s 
own e l a s t i c i t y . It is functionally s imilar to the 'occlusor muscle of 
the f i r s t thoracic s p i r a c l e ' of l). pulchel la . 
Second pair of thoracic sp i r ac l e s . The second thoracic 
sp i rac le l ies in the intersegmental membrane between the raesopleuron 
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and raetapleuron. It is l ike cresent-shaped aperture enclosed by an 
anter ior ly placed semicircular spiracular rim (Spr) which appears like 
a bow. The two ends of the bow are connected by a membranous valve 
(v lv ) . Ventrally, the spiraculur rim is produced into a narrow ventral 
process (vp) which serves as a place for inser t ion of the occlusor 
muscle of the sp i rac le . The second thoracic sp i rac le lacks a f i l t e r 
apparatus and is the least conspicuous among a l l the sp i rac les . It i s , 
more or l e ss , s imilar to the second thoracic sp i rac le of £. pulchella 
(Mathur, 1967). 
Oc»lusor muscle of the second thoracic spiracle(No.l52) . I t is 
a small muscle a r i s ing on the raesothoracic furcal arm. Ascending obliquely 
in antero-dorsal d i rec t ion, the fibres end on the ventral process of 
the spiraculur rim. The contraction of th is muscle straightens the 'bow', 
thus decreasing the curvature of the spiracular rim which ultimately 
abuts on the valve to close the spiracular aperture (Spap), In the 
absence of a d i l a to r muscle, the spi rac le automatically opens on the 
relaxation of the occlusor muscle. The second thoracic spiracle i s , 
thus provided with external closing apparatus, insted of internal apparatus. 
Abdominal sp i r ac l e s . All the seven abdominal spiracles are 
ident ical in shape and s t ruc tu re . The abdominal sp i rac le is somewhat 
larger than the f i r s t thoracic sp i rac le . The anter ior l ip (al) of the 
closing apparatus is fixed, while the poster ior l ip is movable which is 
j u s t the reverse of what had been observed in the f i r s t thoracic spi rac le . 
The dorsal half of the poster ior l ip is sc lerot ized and forms the dorsal 
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process (dp); whereas, the ventral half forms the elastic valve (vlv). 
The lever (le) is a bit longer than that of the first thoracic spiracle, 
otherwise there is not much difference between the two. This shows that 
the internal closing apparatus of the abdominal spiracle is similar 
to the typical U^>fttopterous condition except that the dilator muscle 
is wanting. More or less similar structure in the abdominal spiracle 
has been shown to occur in 0. pulchella (Mathur, 1967). 
Occlusor muscle of abdominal spiracle (No. 153). A well deve-
loped occlusor muscle is present in all the seven spiracles. The fibres 
originate on the ventral process of the spiracular rim and running in 
posterio-dorsal direction get inserted on the lever of the spiracle. The 
contraction of this muscle closes the atrial aperture (Aap) in the 
manner described for the first thoracic spiracle. In the absence of 
dilator muscle the spiracle opens due to its own elasticity. 
Tracheal system (Figs. 106 & 107) 
The tracheation of the body is based on the arrangements of the 
tracheae and the air sacs. The latter are not many and moreover, there 
is no definite plan of their deposition. The spiracular trachea connects 
the spiracle with the lateral trunk in the spiracular segments. It is 
usually short. The lateral trunk (LT) extends along the side of the 
body from the first spiracle of the thorex to the seventh spiracle of 
the abdomen and thereafter extends up to the eighth abdominal segment, 
where it becomes continuous with its counterpart of the other side to 
form a commissure (Lcom). 
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1. Tracheation of the abdomen. The tracheation in all the 
spiracle bearing segments of the abdomen is more or less similar, but 
the first and last spiracle bearing segments show modifications. Besides 
these, the tracheation of fifth and sixth segments in the male also 
show certain modifications. The lateral trunk coming from the thorax 
continues into the abdomen up to the eighth abdominal segment, where 
it forms a commissure in combination with the lateral trunk of the other 
side. The lateral trunk in the region of the abdomen is very well 
developed and receives short spiracular tracheae in segments 1-7. In 
each spiracle bearing segment the trunk gives out a dorsal, a ventral 
and a visceral trachea from its dorsal, ventral and mesal surfaces, 
respectively. Besides these, the portion of the lateral trunk connecting 
the two spiracular tracheae, gives out dorsal and ventral branches. 
The dorsal trachea (DTra). The dorsal trachea comes out as a 
broad tube from the junction of the spiracular trachea and lateral 
trunk. Very soon it divides into an anterior and a posterior branch. 
The anterior branch (.Ua) which is a broad and stout, almost immediately 
subdivides into two which ramify over the heart, dorsal diaphragm and 
the tergal muscles in the spiracular segments. The posterior branch 
(Dp) which is narrower then the anterior one, travels a short distance 
before supplying branches to the alimentary canal. 
The ventral trachea (VTra). The lateral trunk in each spiracle 
bearing segment gives rise from its ventral surface, a well developed 
ventral trachea. The arrangement of the ventral trachea in segments 
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1-6 is almost iden t i ca l . Each ventral trachea af ter t rave l l ing a 
short distance divides into an anter ior and a poster ior branch. The 
former (Va) supplies fine branches to the s te rna l muscles, ventral 
diaphragm and the ventral nerve cord. The poster ior branch (Vp) which 
is much conspicuous, forms a def in i te t racheal coraraisure (Vcom) by 
meeting i t s counterpart of the other s ide . The branches coming out 
from the commissure go to the s te rna l muscles and the ventral diaphragm. 
In the seventh segment the anter ior branch also forms a commissure, 
thus there are two ventral commissures in th i s segment. The anterior 
commissure (Vcom,) sends s tout branches to the terminal gaglion and 
the nerves coming out from i t . The posterior commissure (Vcorag).however, 
supplies usual branches to the s ternal muscles and the ventral d i aph ra^ . 
The v iscera l trachea (vTra). The l a t e r a l trunk in a l l the 
sp i rac le bearing segments except the f i r s t , gives out a mesally directed 
v iscera l t rachea. The l a t t e r t rave l l ing towards the alimentary canal 
soon divides into two branches which profusely ramify over the alimentary 
canal, reproductive organs and the malpighlan tubules. The viscera l 
tracheae of the fifth and sixth segments in the male are well developed 
and branch over the t e s t e s . 
The dorso- la tera l trachea (DLTra). The portion of the la tera l 
trunk connecting the two spi racular tracheae gives out 2-4 branches from 
i t s dorsal surface. These tracheae branch profusely for supplying to 
the reproductive organs. 
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The ventro-lateral trachea (VLTra). Immediately anterior 
to the ventral trachea there arises from the ventral surface of the 
lateral trunk connecting the two spiracular tracheae, a short ventro-
lateral trachea which sends branches to the reproductive organs. Thus, 
the latter are supplied both dorsally and ventrally by the dorso-lateral 
and ventro-lateral tracheae, besides receiving branches from the visceral 
trachea. 
Beyond the seventh abdominal spiracle the lateral trunk extends 
as a narrow tube up to the eighth abdominal secpent whereupon, it takes 
a mesally directed course to form a commissure (Lcora) by fusing with 
its counterpart of the other side. In the female, the lateral trunk also 
gives fine branches to the rectum, oviduct and the muscle of the pseudo-
ovipositor. In the male, besides supplying branches to the muscles 
of the eighth, ninth and tenth segments, the lateral trunk gives out a 
stout branch called genital trachea (tg) the latter divides into two; 
the anterior one (tga) sends branches to the muscles of the aedeagus 
while the posterior (tgp) supplies fine tracheae to the parameres and 
their muscles. 
2. Tracheation of the thorax. The tracheation in the thorax 
is quite elaborate. The lateral trunk on entering the thorax runs right 
across its length and receives the trachea of the first and second 
thoracic spiracles. The thorax is not only supplied by the thoracic 
branches of the lateral trunk coming out from the neighbourhood of the 
first and second thoracic spiracles but also by some fine tracheae coming 
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from the v i sc ln i ty of the f i r s t abdominal sp i r ac l e . These branches 
may be broadly grouped into dorsal , ventral and wing base tracheae. 
The dorsal trachea. (D_. D^. D.) All the three thoracic 2 3 4 
segments are supplied with Independent dorsal tracheae, though the 
l a t t e r are not equally developed in a l l the segments. The one supply-
ing to the mesothorax is very well developed, whereas, the remaining 
two going to pro- , and metathorax are not so developed. 
The mesothorax is supplied by the dorsal trachea (D.) coming 
from the f i r s t abdominal segment. It runs as short tube giving fine 
branches to the metatboracic wing muscles. The dorsal trachea (D„) 
supplying to the mesothorax af ter coming from the l a t e ra l trunk runs in 
the an te ro- la te ra l direction to end near the f i r s t thoracic sp i rac le . 
I t gives out peculiar types of a i r sacs which according to the i r arrange-
ments may be grouped into dorsa l , l a t e ra l and ventral a i r sacs . 
The dorsal a i r sacs (6, 7 ) . Each dorsal trachea gives out a 
pai r of dorsal a i r sacs . Each sac ar is ing as a small tracheal tube 
immediately gives out several figer like a i r sacs which send out fine 
branches to theindirect and principal depressor muscle of the fore-wings 
and also supply to mesothoracic aor ta . 
The l a te ra l a i r sacs (8 ) . The la te ra l a i r sacs are Innumerable, 
a r i s ing la tera ly as a f inger- l ike a i r tubes which spread out on each side 
of the dorsal trachea to l i e between the muscle f ibres . These a i r sacs 
supply minute branches to the muscles of the fore-wings. 
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The ventral a i r sacs (9 ) . The ventra l a i r sacs resemble 
the l a t e ra l a i r sacs but owe the i r origin to the ventral surface of 
the dorsal t rachea. These sacs also innervate the muscles of the 
forewings. 
The dorsal trachea (D^) supplying to the prothorax comes out 
from the l a t e ra l trunk jus t opposite to the insert ion of the spiracular 
trachea of the f i r s t thoracic sp i rac le . This stout trachea innervates 
the protergal muscles and the levator muscles of the head. It also 
sends a branch to the patagium to form the patagial a i r sac (5) . 
The ventral trachea (Vo). The ventral trachea is given out 
from the l a t e ra l trunk Just before the l a t t e r gives out the f i r s t thoracic 
spiracular trachea. The ventral trachea af ter coming out from the 
l a t e ra l trunk leads towards the second thoracic qaglion, where i t d i s -
t r ibu tes fine branches to the l a t t e r and to the ventral nerve cord. The 
ventra l trachea in the region of the second thoracic ganglion gives r i s e 
to a mesal branch which in combination with i t s counterpart of the other 
s ide , forms a horse-shoe-shaped loop (L ) over the f i r s t thoracic ganglion, 
The loop sends fine branches to th is ganglion and to the nerve connectives. 
Wing base tarchea. Both the forewings and the hindwings are 
supplied by two tracheal branches namely anter ior wing base trachea 
(W,, Wg) and poster ior wing base trachea (Wg, W.). The anter ior wing 
base trachea is formed by the union of two tracheae coming out from the 
f i r s t and second thoracic spi racular t racheae. They may also be called 
leg-cum-wing trachea which glvies branches to the wing. Similarly, the 
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pos ter ior wing base trachea coraes out as a common s ta lk from the second 
thoracic and f i r s t abdominal sp i r ac l e . 
Anterior wing base t rachea. The l a t e r a l trunk in the region 
of second thoracic sp i rac le gives r i s e to an anter ior wing base trachea 
(W„) which joins with the poster ior wing base trachea (W.) coming from 
the neighbourhood of f i r s t abdominal sp i rac le and forms a transverse 
basal trachea ( t ^ ) , which sends branches to the anter ior and posterior 
regions of the hind wing. The two wing base tracheae give out mesal 
branches (m«, m.) which join to form a common branch (v^) for supplying 
to the hind leg and the ventral nerve cord. 
Poster ior wing base trachea. The l a t e ra l trunk in the region 
of second thoracic sp i rac le also gives out a poster ior wing base trachea 
(Wp) which run in an te ro- la te ra l direction to become continuous with the 
an te r io r wing base trachea (W.) coming from around the f i r s t thoracic 
s p i r a c l e . The two thus form transverse basal trachea ( t , ) for supplying 
to the forewlng. The anter ior and poster ior wing base tracheae give out 
raesal branches (ra,, m«) which run towards the mesothoracic leg and unite 
with each other (V«) to supply the leg muscles. The anter ior wing base 
trachea (W.) coming from the v isc in i ty of f i r s t thoracic sp i rac le gives 
out a small branch to the tegula where i t forms a tegular a i r sac (10) 
for supplying the tegula . 
3 . Tracheation of the head. The head receives four pairs of 
tracheae from the f i r s t thoracic sp i rac le . 
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Th^ dorsal cranial trachea (D,) . The dorsal cranial tracheae 
of the two sides come close to each other before entering the neck region. 
Therefrom these take up divergent course to enter into cranium to form 
an unpaired, large dorsal c rania l a i r sac (1 ) . Tlie l a t t e r is located 
jus t above the brain and almost covers i t dorsa l ly . The a i r sac gives 
out a number of fine branches which supply to the brain and the optic 
lobes. 
The dorso- la tera l c rania l trachea (DL.). I t runs along the 
s ide of the oesophagus to enter into the head. Each trachea ends into a 
pyriform dorso- la tera l crania l a i r sac (2) , lying l a t e ra l to the dorsal 
crania l a i r sac . This pair of sacs send minute branches to the eyes and 
the muscles of s t i p i t e s . 
The vent ro- la te ra l trachea (VL.). The vent re - la te ra l cranial 
trachea running la te ra l to the dorso- la tera l cranijil trachea, enters the 
cranium to end into the ven t ro- la te ra l cranial a i r sac (3) lying jus t 
beneath the brain . I t supplies branches to the sucking pump. 
The ventral cranial trachea (V.) . The ventral cranial trachea 
soon af ter emerging from the f i r s t thoracic sp i rac le , ends into a sub-
t r iangular a i r sac (4) lying in the prothorax. Each ventral prothoracic 
a i r sac sends out a narrow but s tout branch to the cranium, which running 
below the pharyinx and the sucking pump extends into the lumen of the 
galea. 
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(vi) The male reproductive system 
(Figs. 83.108.109,110,111,112,113,114,115,116,117 and 118) 
The male reproductive system of £. mauritia. consists of two 
completely fused testes,a pair of vasa deferentia, a pair of seminal vesi-
cles, a pair of accessory glands and unpaired ejaculatory ducts. 
Testes (Tes). In a freshly killed insect the two testes in 
fused condition form a spherical body which is pink in colour. It is 
enclosed in a peritoneal sheath (PSh) and lies dorsally on the alimentary 
canal in the fifth abdominal segment. 
The testes consist of eight testicular follicles which are separated 
from each other by incomplete septa (sm). The enclosing peritoneal sheath 
is structureless and transparent. Ruckes (1919) in Lepidoptera has shown 
a similar layer which he calls as the 'tracheal membrane' considering it 
to have formed from the fused wall of the tracheae. Srivastava (I960) in 
L. orbonalis. does not record any such layer. The peritoneum is followed 
by two distinct cytoplasmic layers which are called (i) inner (iEpth), 
and (ii) outer (oEpth) epithelium. Similar double layered epithelium has 
been reported by Alam (1953) in S^ . deesae. and Mathur (1966) in Utetheisa 
pulchella L. The outer epithelium of S^. mauritia. is a thin syncytial layer 
with oval nuclei having thick chromatin granules. The nuclei (nu) are 
scattered under no definite plan. The inner epithelium is also syncytial 
and more or less, as thick as the outer epithelium. Its oval and granulated 
nuclei are less numerous. Alam (1953), and Akbar (1958) in S_. deesae. and 
L. varicornis respectively, have also recorded syncytial nature in the inner 
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epithelium. The inner epithelium is continued for short distance into 
the testicular lumen in the form of septa (sm) which divide the testes 
into eight testicular follicles (Fol). Each septum is fairly thick at 
the base and gradually thins out apically. 
The lumen of the testes contains the germ cells at various stages 
of development. The spermatogonia (Spg) which are the primary germ cells 
are more numerous towards the periphery. The sperraatognium subdivides and 
the daughter spermatogonia are encysted to form the sperm cysts (Cst). 
The latter, develop into spermatids (Spd) which are transformed into bundles 
of mature spermatozoa (Spz). 
Vas deferens and seminal vesicle. The two vasa deferentia (Vd) 
arise separately by broad base from the ventral surface of the testes and 
gradually become narrow. Each vas deferens descends dorso-ventrally, thus 
flanking the midgut from sides. These open separately into the seminal 
vesicle (Vsm). The latter is nothing but a destended form of the vas 
deferens. The seminal vesicle opens into the reservoir of the accessory 
gland (ResAcGl) by a narrow tubular duct (dVsm) as demonstrated by Alam 
(1953) in S.. deesae. 
The vas deferens is externally bounded by the peritoneal layer 
(PSh), Its epithehliura (Epth) is composed of very tall, colummar and 
densely granulated cells with nuclei lying towards the periphery. The 
entire epithelium is thrown into folds. Musgrave (1937) in IE, kuhniella. 
records the 'brush border' condition of the epithelium. Mathur (1966) 
has also shown prominent 'striated border' in jQ. pulchella. The present 
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writer, however, could not find any such border in S^ . mauritia. The vas 
deferens is devoid of any muscfllar layer as is also the case in L.orbonalis 
(Srivastava, I960). Ruckes (1919), however, records the circular muscle 
layer in Saturnidae. The seminal vesicle, histologically resembles the 
vasa deferentia in broad outline, only differing from the latter in having 
centrally placed nuclei. The duct of the seminal vesicle is regular in 
cross section. The epithelium is externally bounded by the peritoneum 
(PSh). Beneath the peritoneum is a basement membrane (BMb) which supports 
the tall columnar cells (Epth), having basally located nuclei (nu). 
Accessory gland (AcGl). There is a pair of long, highly con-
voluted tubular accessory glands. The two glands adhere to each other 
through connecting tracheae. Each gland is somewhat broad at the base 
and gradually tapers to end blindly. The gland opens into a wide tubular 
reservoir (ResAcGl). TTie latter converge posteriorly to open into the 
common duct of the accessory gland (cdAcGl) which is a long, highly 
convoluted tube opening into the ejaculatory duct (Dej). 
The accessory gland is having a syncytial epithelium (sEpth). 
The large, oval nuclei (nu) are scattered under no definite plan. These 
are heavily ladden with chromatin granules; whereas, the cytoplasm is 
poorly granulated. The epithelium of the gland has a distinct basement 
membrane (BMb) which is externally bounded by a very thin layer of 
circular muscle fibres (cmcl). Ruckes (1919), has recorded collumnar 
epithelium, covered by longitudinal muscle layer in the accessory gland. 
The epithelium of the reservoir is also syncytial in nature. 
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The spacious lumen of the reservoir contains a fluid (Seer) which is 
secreted by the reservoir and its gland. This fluid serves as a medium 
for sperm. The epithelium (sEpth) contains small, oval nuclei arranged 
In a regular manner. The epithelium rests on a basement membrane (BMb) 
which is externally covered over by a thin layer of circular muscles 
(cmcl). Srivastava (1960) in L. orbonaHs« shows no muscle layer in the 
reservoir. 
The reservoir of accessory gland (ResAcGl) has been called 
'ductus ejaculatoiiws duplex' by Ruckes (1919) in Lepidoptera; Callahan 
and Chapin (I960) in Noctuidae; Tedders and Calcote (1967) in Laspevresia 
caryana F. It has been taken as 'paired ejaculatory duct' by Srivastava 
(I960) and Mathur (1966) in L. orbonalis and U. pulcheDa. respectively. 
This seems to be incorrect because there is no intimal lining, Norris 
(1932) in E. kuhniella and P^. interpunctella. as well as, Musgrave (1937) 
in I.- kuhniella. cal] it as 'paired glands'. 
The common duct of the accessory gland (cdAcGl) functions as a 
passage for the descent of sperms and is also secretory in nature. On the 
basis of different types of secretion it may be subdivided into four 
regions which are externally demarcated from each other by distinct 
constrictions. 
The first portion of the common duct (1) is very long whose 
epithelium is collumnar with oval nuclei. The chromatin granules are 
present in the nuclei, as well as, in cytoplasm. The epithelium is 
externally bounded by a weak circular muscle layer (cmcl). The epithelial 
secretion (Seer) forms triangular lumps scattered in spacious lumen. 
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The second portion of the common duct (2) is slightly larger in 
diameter than the first portion; but its epithelial lining (Epth) is a 
little narrower than the latter. The cytoplasm is finely granulated 
with centrally placed nuclei having thick granulation. A weak circular 
muscle layer (cmcl) forms the outer covering of the epithelium. The 
lumen is filled with the secretion (Seer) which consists of homogenous 
rounded globules. 
The third portion (3) is the shortest portion of the common duct. 
The epithelium (Epth) is narrower than that of the second portion. It 
consists of short collumnar cells with fairly granulated cytoplasm. The 
rounded nuclei are centrally located. The circular muscle layer (cmcl) 
is weak. The lumen is filled with secretion (Seer) which are in the form 
of rounded globules. 
The fourth portion (4) is longer than the third portion and opens 
into the ejaculatory duct (De.j). Its epithelial lining (Epth) is much 
narrower than that of the third portion. The small collumnar cells are 
granulated with rounded nuclei placed in the centre. The circular muscle 
layer forming the outer covering is weakly developed. The spacious lumen 
contains secretions (Seer) having fine granulations. 
Ruckes (1919) in Lepidoptera, following the terminology of 
Schroeder (1900), calls the common duct of the accessory glands plus the 
ejaculatory duct as 'ductus ejaculatorious simplex. Callahan and (Siapin 
(I960) in Noctuidae; Callahan and Cascio (1963) in H.. zea. as well as, 
Tedders and Calcote (1967) in L. caryana. have also used the same 
184 -
terminology. Further, Ruckes (1919) does not consider any portion of 
'ductus ejaculatorious simplex' as secretory, whereas, Callahan and 
Chapin (i960) divide it into a proximal secretory and a distal non-
secretory region. Norris (1932) in E. kuhniella and P^ . interpunctella. 
calling the common duct of the accessory gland of S. mauritia as 'unpaired 
gland' has divided it into four secretory regions. Musgrave (1937) in 
E_. kuhniella. suggests eight subdivisions; four of them being distinctly 
secretory in nature. ISathur (1966) in U. pulchella. divides the '.common 
ejaculatory duct' (common duct of the accessory gland of S^ . mauritia) into 
a 'glandular region' and 'chitinous region'. 
Ejaculatory duct (Dej). The short unpaired ejaculatory duct 
communicates anteriorly with the fourth portion of common duct of the 
accessory gland, while posteriorly it opens into the aedeagus through 
the gonopore. The entire ejaculatory duct is enveloped by a thin peri-
toneum (PSh) which is fairly loose in the region of aedeagus. 
The epithelial lining (sEpth) of the ejaculatory duct is highly 
folded. It is syncytial in nature having rounded nuclei with thick 
chromatin granules. The cytoplasm is also granulated. The epithelium 
is externally covered over by a distinct basement membrane (BMb) while 
internally it is lined by a thick intima (In). In between the peritoneum 
and the basement membrane, there is a thick coat of circular muscle layer 
(cracl). A small proximal portion of the ejaculator duct (Bej) is 
conspicuously wider and highly muscular. This portion can be compared 
with the 'bulbttS ejaculatorious' of E^ . kuhniella and P.. interpumctella 
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(Norris , 1932). 
( v l i ) The female reproductive system 
(Figs. 74, 119,120,121,122,123,124.125.126,127,128,129 £ 130) 
Spodoptera mauritia is a d i s t inc t example of Dytrisia possessing 
independent openings of bursa copulatrix and of the vagina. The l a t t e r 
communicates with the exter ior in the fused ninth and tenth segment 
through the oviporous, whereas, the bursa copulatr ix opens in the Inter-
s te rna l membrane of the seventh and eighth sternum. The other components 
of the female reproductive organs are paired ovaries, paired l a t e ra l 
oviduct, unpaired common oviduct, unpaired spermatheca, and a pair of 
accessory glands. 
Ovary. The two ovaries are placed dorso- la tera l to the digestive 
t r a c t from seventh to second abdominal segments. When mature, these 
occupy the major portion of the visceral s inus . Each ovary consists of 
four very long and coiled ovarloles which are held together by fine 
branches of tracheae. Each ovariole is d iv i s ib le into an apical gerraariura 
(Grm) and a basal v i te l lar iura (Vt l ) . 
Ovariole (Ovl). The whole length of the ovariole is externally 
covered over by a non-nucleated thin peri toneal layer (PSh). There is 
no suspensory ligament, though Williams (1948) reports its presence in 
Agrotis ypsilon. However, Callahan and Chapin (I960) reported I ts absence 
in the same species (Agrotis ypsilon) and also in ninety other Noctuids. 
Williams (1948) perhaps mistook the closely fused terminal germarium for 
the suspensory ligament. 
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The germarium (Grm) possesses a mass of undifferentiated germ 
cells. These develop into oocytes, nurse cells and follicular cells. 
The germarium is followed by the conspicuously beaded vitellariura (Vtl). 
The follicles (egg chambers) become bigger and bigger in apico-basal 
direction. Each follicle contains a posteriorly placed oocyte (Ooc) and 
anteriorly placed nurse cells (NrGl) which are three to five In number. 
This type of arrangement gives 'polytrophic' condition to the ovary 
(Wigglesworth, 1965). 
In the vitallarium the peritoneal layer (PSh) is followed by a 
distinct cyncytial epithelium (sEpth) having finely granulated cytoplasm 
and small nuclei. It resembles the 'syncytial epithelium' of ovariole 
of S_. deesae (Alam, 1953) comparable with the 'inner tunica propria" of 
Nezara viridula (Malouf, 1933). The follicular epithelium is demarcated 
from the syncytial epithelium by a basement membrane (BMb). The follicular 
epithelium (Epth,) enclosing the oocyte (Ooc) consists of distinct 
collumnar cells having large nuclei and granulated cytoplasm. The 
epithelim (Epth„) around the nurse cells (NrCl), however, undergoes 
gradual disintegration and ultimately looses its cellular nature. The 
epithelium of the follicle extends in the form of incomplete septum between 
the oocyte and the nurse cells leaving a conspicuous communicating passage 
between the two chambers. Musgrave (1937) in E_. kuhniella. has also 
recorded more or less, similar incomplete septum. ^ 
Each oocyte (Ooc) is more or less spherical in shape and filled 
with yolk (ylk). Its rounded nucleus (nu) is least granulated. A 
structureless chorion (Cho) Is secreted by the follicular epithelium 
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around the fully developed oocyte. The nutritive cells (NrCl) are large 
and irregular in shape having densely granulated and large nuclei. 
Norris (1932) in E.. kuhniella. and P.. interpunctella. as well as.Musgrave 
(1937) in E^ . kuhniella. report the presence of lobate nuclei in the nurse 
cells. With the development of the oocyte; the cells are gradually 
utilised by them. 
Lateral oviduct (Odl). The four ovarioles of each side unite 
basally to form the short lateral oviduct. The epithelium (Epth)of the 
lateral oviduct consists of somewhat cuboidal cells having very faint 
boundaries. The nuclei and the cytoplasm are densely granulated. Exter-
nally the epithelium is based in a basement membrane (BMb). In C. 
pomonella (Allman, 1930) and L. orbonalis (Srivastava, 1960) the epithelium 
of lateral oviduct is similar to that of S^. mauritia. External to the 
basement membrane is a layer of circular muscle fibres (cracl) which is 
overlaid by a longitudinal muscle layer (Imcl). A similar arrangement 
of muscularis is present in £. erythrocephala (Graham-Smith, 1938) and 
L- varicornis (Akbar, 1958) while a reverse condition is met within 
L. orbonalis (Srivastava, 1960). Allman (1930) in C. pomonella and Norris 
(1932) in E^ . kuhniella and P.. interpunctella. recorded the presence of 
only circular muscle layer. Snodgrass (1956) in the honey bee, has shown 
the longitudinal muscle layer only. 
Common oviduct (Ode). The common oviduct is a short, straight 
tube connecting the lateral oviducts with the anterior end of the vagina. 
The histological details of the common oviduct is almost similar to that 
of the lateral oviduct. Srivastava (1960) in L. orbonalis. shows that 
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the circular muscles are external to the longitudinal muscles, a condition 
just the reverse of what is present in S.. mauritia. 
Vagina (Vag). The common oviduct opens through the gonopore 
into the tubular vagina, which communicates with the exterior through 
the oviporous (opr). Its anterior limit is automatically marked by 
the opening of the sperraatheca (Spt). Similarly the posterior limit is 
externally represented by the opening of the accessory glands (Gl). The 
vagina of S.mauritia. may be compared with the 'genital chamber' of the 
horsefly (Bonhag, 1951) and L. varicornis (Akbar, 1958). 
The epithelium (sEpth) of the vagina is thrown into several folds. 
It is syncytial in nature having oval shaped nuclei, scattered under no 
definite plan. Internally it is lined by an intima (In) and externally 
by a basement membrane (BMb). External to the latter is a thick layer 
of circular muscle fibres (cmcl), which is followed by a thick longitudinal 
muscle layer (Iracl). Allraan (1930) in C. ^ jomonella. attributes distinct 
cellular nature to the vaginal epithelium. Musgrave (1937) and Srivastava 
(I960) has shown syncytial nature of the epithelium in E^ . kuhniella and 
L. orbonalis. respectively. But these authors have not shown any definite 
plan of disposition of the circular and longitudinal muscles. 
Spermatheca (Spt). The spermatheca is tubular in shape. It is 
distinguished into a spermathecal gland (SptGl), reservoir (SptB) and a 
spermathecal duct (SptD), the latter opening into the vagina (Vag). The 
spermathecal gland lies coiled among the female reproductive organs. The 
broad epithelium of this gland consists of large collumnar secretory cells 
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(Epth) whose nuclei (nu) are large and rounded. There is no muscle layer 
in the gland. Norris (1932) in E^ . kuhniella. Srivastava (1960) in L. 
orbonalis and Callahan and Cascio (1963) in H_. zea have also recorded 
large epithelial cells in the gland having no muscularis. 
The reservoir of the spermatheca (SptR) is somewhat oval and sac-
like structure. Its narrow epithelium (Epth) is thrown into small folds. 
The cellular demarcation in the epithelium is not very clear but the 
rounded nuclei are arranged in more or less, a regular manner. Internally 
it is protected by a very weak intimal lining (In), while externally 
covered by a basement membrane (BMb). The outer most covering, however, 
is a circular muscle layer (cmcl). Norris (1932) in E., kiihniella. has 
shown a distinct cellular condition of the epithelium, whereas Musgrave 
(1937) has recorded syncytial nature of the epithelium in the same 
species. Allman (1930) in C^ . pomonella. has not shown the muscular coat, 
whereas Callahan and Cascio (1963) in H. zea. have recorded circular as 
well as longitudinal muscle layers. 
The reservoir (SptR) is connected <vith vagina (Vag) through a 
coiled spermathecal duct (SptD), The epithelial lining of the sperraathecal 
duct is of variable thickness. The cells are granulated with basally 
located rounded nuclei (nu) and are supported on the basement membrane 
(BMb) which is overlaid by several layers of circular muscle fibres (cmcl). 
The epithelium is internally lined by a thick intima (In). One of the 
epithelial folds is conpicuously deep and is lined by strongly developed 
intima (In). This makes the duct look like bi-luminal in form. Musgrave 
(1937) in E^ . kuhniella. shows the presence of two distinct lumina in the 
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spermathecal duct. The latter has been shown by him to open on a 
papilla-like structure called 'infundibulum'. The present writer, 
however, fails to record any sach structure in S^. mauritia. 
Bursa copulatrix (Bcpx). The bursa copulatrix is a fairly 
large structure lying under the digestive tract and extending upto the 
fourth abdominal se^ent. It is distinguished into a bursal sac (bs) 
and a bursal duct (bd) through which it opens to the exterior at the 
bursal orifice (bo). A narrow highly convoluted ductus seminalis (sd) 
connects the bursal duct with the vagina. 
The epithelium of the bursal sac is composed of small cuboidal 
cells supported on a basement membrane (BMb). The cells are finely 
granulated having centrally located rounded nuclei (nu). The epithelial 
layer (Epth) is internally lined by an intima (In). The latter is, 
however, poorly developed in the apical region but gradually becomes 
thicker towards basal region. In a portion of the side wall of the 
bursal sac, the intima is greatly thickened so as to form two small 
'W'-shaped plate-like structure, which bear stout spines. These plates 
(OP) are comparable with 'lamina dentata' of Norris (1932), Musgrave 
(1937) and Klots (1956). However, Callahan and Cascio (1963) call it 
as 'signa'. The bursal sac is externally surrounded by circular muscle 
fibres which are strongest in the basal region. 
The bursal duct (bd) is curved and dorso-ventrally flattened. 
It opens at one end into the bursal sac while at the other end it 
communicates with the exterior through the bursal orifice (bo). The 
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epithelium (Epth) of the bursal duct is composed of small but distinct 
cuboidal cells with centrally placed rounded nuclei. The cells are 
supported on the basement membrane (BMb) which is overlaid by a thick 
layer of circular muscle fibres (cracl). Internally, the epithelium is 
lined by a thick intima (In) bearing small spines. 
Ductus seminalis (sd). The narrow ductus seminalis is spirally 
coiled connecting the bursal duct with the vagina. Its epithelium is 
syncytia] (sEpth) with rounded nuclei (nu) sparsely distributed. The 
epithelial lining is internally protected by a thick intima (In) bearing 
small spines. As the duct reaches the vagina, its intimal lining becomes 
conspicuously thicker. The duct is surrounded by 5-6 strong bands of 
circular muscles (cmcl). Callahanfe Cascio (1963) also report the syncytial 
nature of the epithelium in 11. zea. Srivastava (1960) in L. orbonalis. 
on the other hand has recorded distinct cellular epithelium. Musgrave 
(1937) in E_. kuhniella. finds both circular and longitudinal muscle 
fibres in the ductus seminalis. 
Accessory gland (Gl). The paired accessory glands are long, 
tubular and convoluted structure. Each gland opens into a pear-shaped 
reservoir (ResGl). The duct of the accessory gland which is much broader 
than the gland, anites with its counter part to form a small common 
reservoir. The latter opens into the vagina through a short and narrow 
common duct (dGl). 
The epitheium (Epth) of the accessory gland consists of collumnar 
cells. Externally the epithelium rests on a basement membrane (BMb). 
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The basally located rounded nuclei are granulated. The cytoplasm Is 
highly vacuolated. More or less, similar histological details of the 
accessory glands have been given by Callahan and Cascio (1963) in H.zea. 
Allman (1930) in C.. oomonella. reports the presence of multinucleated 
condition of the cells of the epithelium. 
The reservoir of the accessory gland encloses a spacious lumen. 
The epithelium of the reservoir is syncytial In nature with scattered 
nuclei. It is externally bounded by a layer of circular muscle fibres 
(cmcl). The lumen of the reservoir is filled with thick secretion (Seer) 
which have a collatoreal function. The accessory gland's duct also possesses 
syncytial epithelium which is internally protected by an intimal lining. 
The circular muscle fibres (cmcl) are well developed. 
(vlil) The nervous system 
(Figs. 6. 131, 132. 133 and 134) 
The study of the nervous system in S. maurltia. is confined to 
the central nervous system and the stomodaeal (sympathetic) nervous systan. 
Further at the moment only the anatomy of the system has been taken into 
consideration. 
Central nervous system 
The central nervous system consists of the brain,the suboesophageal 
ganglion and the ventral nerve cord. 
Brain (Br). The brain of S_. maurltia. is a compact body without 
conspicuous prominences. It consists of the usual three parts viz., 
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protocerebrum, deutocerebrum and tritocerebrum. However, these three 
subdivisions of the brain are not easily demarcated externally but are 
actually differentiated on the basis of the nerves originating in them. 
ProtocerebruB (IBr). The dorsally situated protocerebrum is 
the largest subdivision of the brain. Its two lobes have undergone 
fusion which is externally visible by a shallow raid-longitudinal groove 
(gr). The protocerebrum dorso-laterally gives out a pair of short stout 
ocellar nerves (ONv) going to the lateral ocelli. From each lobe of the 
protocerebrum extends laterally a large pyriforra optic lobe (OpL) which 
innervates the compound eye (E). Each optic lobe is demarcated from the 
protocerebrum along a distinct external constriction. The optic lobes 
according to Chauthani and Callahan {1967b) in H.. zea. begin to distinguish 
itself in the prepupal stage. 
Deutocerebrum (IIBr). This middle part of the brain is much 
smaller and lies ventral to the protocerebrum from which it is not clearly 
demarcated. It can, however, be identified by the antennal lobes (AntL) 
which are borne by it. Each antennal lobe gives out anteriorly a long 
and stout antennal nerve (AntNv) which innervates the antenna of its 
side. Bahadur and Srivastava (1968) in Prodenia IJttura. have shown 
large sized deutocerebrum. 
Tritocerebrum (IIIBr). The tritocerebrum is the smallest 
portion of the brain lying ventral to the antennal lobe, from which it 
is faintly demarcated. Its postero-lateral portions are drawn downwards 
to meet the suboesophageal ganglion (SoeGng). These drawn out structures 
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may be taken as very short cercum-oesophageal connectives (CoeCon) 
enclosing a c i rcular passage for the pharynx and the aorta to pass 
through. The tr i tocerebrum gives out a pair of labro-frontal nerves 
which la ter on bifurcates into two branches, the inner branch goes to 
the frontal ganglion (frGng) and may, therefore, be called as frontal 
ganglion conectives (frCon). The outer branch (LmNv) is homologous to 
the labral nerve of the generalized insects and innevates the labrum. 
Sub-oesophaqeal ganglion. The sub-oesophageal ganglionic 
mass lying below the pharynx is formed by the fusion of the paired man-
dibular , maxillary and the labia l ganglia. The sub-oesophageal ganglion 
gives out three pairs of nerves, namely mandibular (MdNv), maxillary 
(MxNv) and labia l (LbNv). The paired mandibular nerves innervate the 
area of the head capsule which normally possess the mandibles. This nerve 
seems to represent the generalized mandibular nerve which is s t i l l 
re ta ined, in sp i t e of the fact that in S^ . mauritia the mandibles are 
wanting. Easthara and Eassa (1955) in P_. brass lcae . have shown that 
because of the withdrawal of the mandibles from act ive use, the mandibular 
nerves have completely disappeared. Similarly, Ehrlich and Davidson 
(1961) in jD. plexippus. have recorded absence of the mandibular nerves. 
The maxillajry nerves enter the luraina of the s t i p i t e s to continue into 
the galeae. The labial nerve supplies to the labium. 
Ventral nerve cord (VNC). The ventral nerve cord bears six 
dul l white coloured ganglionic centres arranged in linear manner along 
the mid-ventral longitudinal l ine of the t runk. Each ganglionic mass 
represents the paired segmental ganglia completely fused together. The 
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Ojanglionic mass of the ventral nerve cord is connected with the one 
following it, by interganglionic connectives. 
The prothoracic ganglion is the first ganglion of the ventral 
nerve chain (iGng). It is somewhat oval in shape lying on the pro-
endosternum. Chauthani and Callahan (1967a) in H.. zea. have shown it 
'somewhat displaced from its original position in the mesothorax'. Two 
short but very stout connectives extend posteriorly from the prothoracic 
ganglion to connect it with the second thoracic ganglionic mass. This is 
the only place in the nerve chain of the adult where the paired ganglionic 
connectives maintain their separate entity otherwise they are completely 
fused with each other. However, the paired nature of interganglionic 
connectives is maintained In the larval stages as shown by Chauthani and 
Callahan (1967b) in H,. ^ ea. The prothoracic ganglion gives rise to a 
pair of stout nerves (N.) that arise from its antero-ventral surface. This 
nerve soon after emerging from the prothoracic ganglion divides into two. 
The anteror one (N,a) subdivides into several branches which ramify over 
the extrinsic muscles of the head and prothorax. The posterior branch 
(N.p) also divides to innervate the muscles of the forelegs. The paired 
stout connectives between the first and second thoracic ganglia gives out 
in its middle a lateral nerve (Nj) which extends towards the first thoracic 
spiracle and gives branches to the latter. Chauthani and Callahan (1967a) 
have shown two pairs of such nerves in H. zea. which are called 'anterior 
and posterior median nerves', respectively. 
The second thoracic ganglionic mass is a composite structure 
formed by the fusion of the meso-, and meta-thoracic ganglia together 
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with the first two abdominal ganglia. The mesothoracic ganglion, however, 
can be differentiated due to the presence of a clear constriction in the 
otherwise fused ganglionic mass. But there is no distinction between its 
metathoracic component and the first and second abdominal components, 
which are completely fused. Three pairs of nerves arise from the meso-
thoracic ganglion. The first nerve (N,) arising antero-laterally, leads 
towards the base of the forewing where it undergoes sub-branching to 
innervate the forewing and its muscles. The second nerve (N.) arising 
posterior to the first one runs in postero-lateral direction to supply 
branches to the wing muscles. The third nerve (Ng) arises from the 
ventro-lateral surface of the mesothoracic ganglion and extends postero-
laterally to supply branches to the extrinsic muscles of the middle legs. 
Two pairs of nerves originate from the posterior part of the 
second thoracic ganglion representing the composite metathoracic, first 
and second abdominal ganglia. The first nerve (N.) arising laterally 
gives out branches to the intrinsic and extrinsic muscles of the hind 
legs. It also gives out stout branches to the second thoracic spiracles. 
The second nerve (N-) arises from the postero-lateral margin and extends 
ventro-laterally to Innervate the hind wings as well as, their muscles. 
It also sends a branch each to the first and second abdominal segments, 
which do not possess segmental ganglia of their own. The innervation of 
the first and second abdominal segments suggest, the merger of the first 
and second abdominal ganglia with the second thoracic ganglion. Besides, 
the portion of the ventral nerve cord connecting the second thoracic 
ganglionic mass with the third abdominal ganglion gives out two pairs of 
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accessory nerves (Ng, N^) for supplying to the first and second abdominal 
segments. 
The third, fourth and fifth abdominal ganglia represent 3-5 segmen-
tal ganglionic centres and are thus simple ganglia. These are located 
in the anterior half of 3-5 abdominal segments. Each segmental abdominal 
ganglion which is small, more or less, oval in shape gives out two pairs 
of lateral nerves to the segment concerned. The first pair which is 
called anterior lateral nerve (aLN) runs laterally and ascending along 
the segmental pleuron ends by several branches which innervate the dorsal 
diaphragm and the heart. On its way, the anterior lateral nerve sends 
branches to the muscles of its segment. In the pleural region, it inner-
vates the segmental abdominal spiracles through a fine nerve branch. 
The second pair of nerves is called the posterior lateral nerve (pLN). 
The latter is a short nerve arising immediately posterior to the anterior 
lateral nerve. It travels in the postero-lateral direction to send 
branches to the intersternal, as well as, sternal muscles. Just anterior 
to each abdominal ganglion including the sixth ganglion, an unpaired 
median nerve (UN) is given out from the dorsal surface of the ventral 
nerve cord. The median nerve soon divides into two dlaphral nerves 
(DphN) which go to the ventral diaphragm. The dlaphral nerves are 
connected by a short connective (Con) with the segmental anterior lateral 
nerves of the following ganglion. Beckel (1956) in JH. cecropia. shows 
three pairs of nerves coming out from an abdominal ganglion and calls 
them 'antero-lateral', and 'postero-lateral' nerves. Libby (1961) in 
the same Insect calls these nerves as 'transverse', 'dorsal' (antero-
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l a t e r a l ) and ' v e n t r a l ' (pos te ro- la te ra l ) nerves respect ively. 
The terminal ganglion is a composite s t ruc ture made of the s ix th , 
seventh and eighth abdominal ganglia of the larva. It gives out five 
paired and one unpaired nerve in the male and s ix paired nerves in the 
female to innervate the s t ruc tures in the s ixth segment and beyond. 
In the male, the terminal ganglion (6 Gng) gives out five paired 
and one unpaired nerve. The f i r s t pa i r which represent the typical seg-
mental an te r ior l a t e ra l nerve (aLN.) innervates dorsal diaphragm, heart , 
segmental muscles and sp i r ac l e s . Similarly, second pair is the typical 
por ter ior l a t e ra l nerve (pLN^) supplying to the in te rs te rna l and s ternal 
muscles of the sixth segment. The th i rd pair of nerves (LNr^ a r i s ing 
pos ter ior to the second pai r t ravel in the pos te ro- la te ra l direction to 
enter the seventh segment, where i t divides into two branches for supplying 
to th is segment. The fourth pa i r (LN^) also t ravels in pos te ro- la te ra l 
di rect ion and sends branches to the eighth abdominal segment. The fifth 
pa i r (LN^) comes out from the pos tero- la te ra l angle of the terminal 
ganglion as stout nerves. The l a t t e r divide and redivide to supply to the 
anal pouch, vasa d i fe ren t ia , muscles of the ninth and tenth segments and 
muscles of the aedeagus and pararaeres. The las t nerve (UN) is the 
unpaired one which ar ises from the posterior surface of the terminal 
ganglion, to innervate the ejaculatory duct and the aedeagus. Libby 
(1961) in H. cercropia, shows ten pairs of nerves ar i s ing from the terminal 
ganglion, three pairs each for s ix th , seventh and eighth segments and one 
pai r for the reproductive organs and the gen i t a l i a . 
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In the case of the female the terminal ganglion gives out s ix 
pairs of nerves. The f i r s t pair which ar ises from the an te ro- la te ra l 
angle of the terminal ganglion represent the anter ior l a te ra l nerve 
(aLN.). It is fa i r ly thick nerve whose branches innervate the sixth 
segment. The s«al l second pair (pLN^) which is the typical poster ior 
l a t e ra l nerve supplies to the s t e rna l , as well as, in ters ternal muscles. 
The third pai r of nerves (LNj.) a r i s ing poster ior to the poster ior la teral 
nerve innervate the seventh segment. The fourth pair (LN^) sends branches 
to the eighth segment. The fifth pair (LN^) ramifies over the accessory 
glands, bursa copulatrix and muscles of the pseudo-ovipositor. The last 
pa i r of nerves (LI*^ >^  give branches to the vagina and the muscles of the 
pseudo-ovipositor, 
Stomodaeal nervous system 
The frontal ganglion (frGng) of the stomodaeal nervous system 
is subtriangular in shape. It is placed dorsally over the sucking pump 
at the junction of the cibarium and the pharynx and is connected with the 
trl tocerebrura by a pair of frontal ganglion connectives (frCon) which 
enci rc le the pharyngeal d i la tors of the sucking pump. The frontal 
ganglion anter ior ly gives out an unpaired frontal nerve (fNv) whose 
branches go to the cibarium and the food meatus. Likewise, i t posteriorly 
gives out an unpaired recurrent nerve (rNv) the l a t t e r running backwards 
along the mid-dorsal l ine of the pharynx and underneath the aor ta , termi-
nates at the anter ior end of the hypocerebral ganglion (hGng). The l a t t e r 
is placed on the dorsal wall of the pharynx, lying within the limits of 
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the head capsule and Just anterior to the foramen magnum. Blckley (1942) 
i" E.' eridania. calls it 'occipital ganglion' and attributes its formation 
to the fusion of the median parts of the corpora cardiaca and the 
recurrent nerve. The posterior end of the hypocerebral ganglion gives 
out an unpaired recorrent nerve (rNv). The latter runs backwards on the 
dorsal surface of the stomodaeum upto the end of oesophagus (Oe) where 
it ends by ramification. The fine branches extend over the crop (Cr) as 
well. There is, however, no trace of stomachic ganglion. Blckley (1942) 
in P_. eridania. has shown paired oesophageal nerves without stomachic 
ganglion. 
The paired corpora cardiaca (oesophageal ganglia) are oval in 
shape and dorso-lateral to the hypocerebral ganglion. The latter is 
connected with the corpora cardiaca by short lateral connectives. Their 
close proximity with the hypocereberal ganglion normally conceals the 
connectives. The corpora cardiaca (Cc) are closely appressed against 
the walls of the aorta. According to Hanstrom (1942) in insecta, the 
corpora cardiaca governs the function of the dorsal vessel. These are 
anteriorly connected with the protocerebrum through a pair of nerves 
called 'paracardiac nerves' (PcNv). 
The paired corpora a 1 lata (Ca) are very small lying ventral to 
and in close association with the corpora cardiaca with which it is 
connected by means of very short connecting duct which are not normally 
visible. Bickeley (1942) in P. ^rldania recorded the dorsal part of the 
corpora allata connected with each other. According to Ehnbom (1948) 
in Insecta, the corpora allata are In intimate contact with both, the wall 
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of the aorta, and posterior surface of the protocerebrum. Chauthani 
and Callahan (1967b) in H. zea. describe the corpora cardiaca and the 
corpora allata lying in wall to wall condition without any visible inter-
connecting duct. 
5. THE LIFE-HISTORY 
(I) INTHODUCTION 
Spodoptera maurJtia B. (the Indian array worm) Is one of the most 
serious pest of paddy (Oryza sativa L.). The larvae not only attack 
paddy but also damage maize, millets and wheat etc. However, in India 
it is regarded as major pest of paddy only. Lefroy (1909) and Fletcher 
(1914) have recorded it from South India. Ayyar, Gupta, Ratiram and 
Shroff (vide; Fletcher, 1917) have recorded its occurrence independently 
from Madras, Assam, Central Provinces (now Madhya Pradesh) respectively. 
Ayyar (1940) has reported a wide distribution covering whole of the 
oriental region. Mathur (1942) has reported its occurrence from Assam, 
Bengal, Bihar, Bombay, Madhya Pradesh, Madras, Punjab and Ottar Pradesh. 
Fletcher (1956) has also described it from India. The present writer has 
collected it from paddy fields of Aligarh, Lucknow and Gorakhpur. These 
districts represent western, central and eastern part of Uttar Pradesh. 
Fletcher (1914) has given a very short account of the life-history 
of S^ ' raauritia. Ayyar (1940) has given a very brief description. Swezey 
(1906) and Ayyar (1931), Ayyar and Anantanarayanan' (1935), Smith (1933), 
Anantanarayanan and Ayyar (1937), Gardener (1946), Whellan (1951), Tanada 
and Beards ley (195P), Gaven (1961) and Banerjee (1964) have given brief 
* Distribution is pertaining to India only. 
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notes on various aspects of its biology. The total absence of detailed 
observations on this insect has inspired the present writer to make a 
detailed study of life-history under controlled conditions (temperature 
30°C + l°C; Belative humidity 8 0 % + 5%). Side by side, observations on 
important developmental stages have also been made in the fields. 
The present writer has made observations on certain aspects of 
behaviour of S^. mauritia. with a via* to popularising the study of insect 
behaviour in India. It is further felt that the study of behaviour of 
^. mauritia. is very likely to become a guiding factor for the effective 
control of this pest. Recently, Alam (1952, 1957 and 1958) has recorded 
useful observations on various aspects of behaviour In hymenopterous 
parasites. Dhillon (1966) has further extended Alam's approach to insect 
behaviour by studying it in Athalia proxima. 
(ii) Breeding technique 
The adults of Spodoptera mauritia B.. were collected with the 
help of light traps placed in the grass lands around paddy fields. In 
warm, humid dark night this method generally proved quite effective as 
large number of moths were attracted and caught. However, in the moon 
light and comparatively less warm night the catches were considerably 
low. For rearing purposes, circular jars (8" x 4") were used. Each jar 
was filled with moist sand to a depth of 1 /2". The males and females 
were confined in the rearing jars whose open ends were covered with 
muslin cloth. The elastic rubber bands were used to keep the muslin 
cloth in position. The moths were fed on saturated solution of cane 
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sugar. For th is purpose glass s l ide of standard s ize was wrapped with 
surgical cotton soaked in saturated solution of cane sugar. The s l ide 
was implanted in the so i l of each rearing j a r containing the adu l t s . 
This feeding technique proved very sa t i s fac to ry . Any excess of solution 
automatically was drained into the s o i l . 
The sand was wetted with water to provide sufficient moisture 
within the rearing j a r . Moreover, these j a r s were kept in constant 
temperature cabinet (G.E. Precision Scient i f ic) adjusted at 30 C + 1 C 
with r e l a t i ve humidity 80%+ 5%. The desired humidity was obtained by 
keeping rectangular glass t r o u ^ s f i l l ed with 25%K0H solut ion, as suggested 
by Buxton and Mellanby (1934). TJie KOH solution was changed periodically 
to maintain the required humidity in the rear ing j a r . For col lect ing egg 
masses a pair of pleated s t r i p s of unglazed paper was hanged inside the 
rearing j a r . It served dwell purpose; f i r s t i t proved to be a good 
res t ing place for the moths and secondly i t served as su i tab le place for 
deposition of eggs. This technique proved very sa t is factory for co l lec t -
ing egg masses as the females normally deposit eggs on rough surface. In 
the absence of such s t r i p of paper the moth laid eggs on the wall of the 
j a r thus making the picking of the egg masses quite d i f f i cu l t . 
Every morning the food was changed. The old paper s t r ips removed 
and fresh ones introduced into the j a r s . The dead moths ( i f any) were 
removed and the ja r s were cleaned. With the help of a pair of scissors 
the portion of paper containing the egg masses were clipped and placed in 
a small p l a s t i c tube (3" x 1"). The open end of the tube was covered by 
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a piece of coarse (khadi) cloth, which was fastened tightly with the 
help of strong rubber bands. An hour before the hatching (this was 
possible by observing the changes in the colour of the developing eggs) 
tender and moist leaves from paddy seedlings were introduced into the 
tube. The cloth covering the open end of the tube was also moistened 
for maintaining the freshness of the leaves for longer duration. 
The larvae on hatching move soon towards the open end of the 
tube and were held up by the cloth barrier. There they congregate 
together for considerable period neglecting the food altogether. After 
a long stay they move towards the food and start feeding. Fresh leaves 
were introduced in the evening of the same day without discarding the 
old ones. This is desirable because the larvae on first day are too 
small (1 mm and less in length) and dislodging them from the old leaves 
even by fine brush was difficult. Tender leaves of few days old seedlings 
were provided to the early instars. The late instar, however, could 
survive without much difficulty on leaves and shoots of old paddy plants. 
When the paddy season was about to end and no tender leaves were available, 
considerable difficulty was experienced in rearing of this insect. This 
difficulty ranged from October to June. However, it was overcome by 
providing larvae with wheat and.maize seedlings. 
(iii) Habits of the adult 
The adult moth (Fig. 135) is found active only during night. In 
the day time it normally remains hidden inside the crevices, under dry 
leaves or between the grasses. It is very swift and slightest disturbance 
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makes the moth move quite far. The moth is positively photo-tropic as 
it is attracted to flourescent light, when placed near the grass lands. 
The adults appear in large number near the fields in the month of July, 
usually after the first heavy shower of the season and remain quite active 
until the end of November. In December and January which are the coldest 
months of the year the population of the pest is markedly reduced in the 
field. From late February upto the end of April they are again found 
active. Thereafter, the number decreases again, so that they remain 
almost unnoticed until the next rainy season. This is perhaps due to the 
nonavailability of suitable food plants including grasses which die out 
in the hot weather. There seems to be no diapause in the life-cycle of 
S. mauritia. In controlled condition, they continue to breed and the 
present writer has reared fifteen generations in one year. 
(iv) Nature and extent of damage 
It is the larval stages of ^. mauritia. which destroy the paddy 
and other host plants. The larva after hatching, starts feeding on the 
plants. The first instar larva nibbles only the epidermis of the young 
and tender leaves. The second instar larva feeds on the epidermis, as 
well as the cortex. The third instar larva though still feeding on the 
surface of the leaves may also make occasional cuts along the margin of 
the leaves. The fourth instar larva starts devouring tender leaves of 
the seedlings. However, it is the fifth and sixth Instar larvae which 
impart maximum damage to the crop. These not only eat up the foliage but 
also raise the whole crop to the ground by chopping off the leaves. 
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The extent of damage caused by this pest depends on the severity 
of infestation. In the event of feeble infestation the damage to the crop 
may remain unnoticed but when the intensity of the infestation is high, 
the whole crop is destroyed. As this pest Is sporadic one, its outbreak 
generally causes devastating effect on the crop. In Uttar Pradesh the 
maximum damage to paddy crop has been recorded during the month of August 
and early September. Major outbreaks of S^ . maurltia. have been reported 
during the above mentioned period in various years. The damage may extend 
over very large areas; about seventy acres of paddy crop were destroyed 
in Agra district in the year 1959 (personal communication from Uttar 
Pradesh Plant Protection Centre, Lucknow). The present writer observed an 
outbreak of the pest in area of about fifty acres of paddy fields in 
Lucknow district and the crop there was almost completely eaten up before 
any control measure could be taken. 
Wilkinson (1939) has reported an outbreak of Spodoptera exempta W.. 
destroying l,600i acres of maize In Kenya (vide; Brown, 1962). Usually 
outbreaks are remarkable for the suddenness with which they start. Accord-
ing to Breniere (1954) they can disappear suddenly after a single genera-
tion so that during a period as short as fifteen days an outbreak can 
start and disappear. Devastating damage can occur In as little as eight 
or nine days (Hudson, 1943). The present writer Is, however, of the opinion 
that considerable damage may be caused in 4-6 days only, if due to some 
reason the larvae remain unnoticed during the last days of their active 
life. 
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(v) Copulation 
In order to study the copulation behaviour in ^. mauritia. twenty 
pairs of adults were used. The adults emerged under laboratory condition 
did not mate for about thirty hours. This may be taken as pre-copulation 
period. Pairs of moths were kept in twenty rearing jars. The copulation 
was observed during night only as the moths were never observed mating 
in day time. 
The initiative for copulation was taken by the male by coming very 
close to the side of the female, and turning its stretched abdomen sideways 
in a long arc. The female if willing to mate will hold up its wings at 
about 45 and vibrate them very swiftly. In this position the abdomen of 
the female remained exposed. The male now moved as close to her side 
as possible with its wings vibrating briskly. The male then suddenly 
made a swift grab for the female abdomen. The female tried to pull away 
as the male attempted to hold from the side position. The male continued 
to grasp the female abdomen and fixing its hold more firmly. After the 
male has successfully maintained its hold, the struggle subsided and the 
male then, slowly moved from side position to end-to-end position. For 
about fifteen minutes they appear to push against each other at short 
intervals, causing up and down movement of their abdomen. The copulation 
normally lasted from 30-60 minutes. After copulation is over, the moths 
separated by just turning around sideways and pulling apart. For about 
five minutes after separation the moths were very restless but soon 
became normal. 
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(vi) Oviposition 
Though considerable difficulty was met with, while making obser-
vations on mating behaviour, the adults showed no such problem in the 
study of oviposition behaviour. The female generally continued to deposit 
eggs even if there were lot of disturbances around. The eggs were always 
deposited during night mostly between 1 a.m. and 4 a.m. The female 
generally laid its first batch of eggs twentyfour hours after copulation 
and fiftyfour hours from the time of its emergence. The latter may be 
taken as pre-oviposition period (Table No. 1). In Spodoptera exempta W.. 
at low temperature. Brown et al (1969) have recorded the pre-oviposition 
period as long as sixteen days. 
When the female was ready for oviposition, it became a little 
restless and moved here and there vibrating its wings briskly, probably 
in search of a suitable site. On locating the desired site, It stood 
motionless for some time and then started taping the spot with its pseudo-
ovipositor. Females in captivity oviposited readily on the paoer strips 
provided in the cage. Each egg was firmly attached to the substratum with 
the help of colourless secretions from the accessory glands. The eggs 
were deposited side by side thus forming a uniform row of eggs. After 
completing a first row it returned to the original position for depositing 
another row of eggs over the first row. Similarly it deposited a third 
row over the second one and even a fourth over the third one. During this 
period which lasted 1-2 hours, the descent of eggs remained uninterrupted. 
The female never paused for a short period until she has laid all the eggs 
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of the f i r s t batch. The female generally never laid more than one batch 
on the f i r« t dsy 
of eggs/. This however, does not preclude the behaviour of laying a l l the 
eggs in a few batches. 
The normal f i r s t batch of eggs which spread over an area of about 
one inch in length and one th i rd inch in breadth, contained 2,000-3,500' 
eggs (Table No. 2 ) . After depositing the eggs the female covered them 
with h a i r - l i k e scales from i t s body. If properly covered i t looked like 
a brown hairy mass. The same female continued to deposit eggs regularly 
for few days but the number of eggs deposited next time was much less than 
tha t laid during the previous night (500-900 eggs). The following night 
the number of eggs were s t i l l reduced to 200-710 and that too In 1-3 batches. 
During 2-4 subsequent nights the number remained less than 266, distr ibuted 
in 2-4 batches. 
A s ingle female continued to deposit eggs regularly for a maximum 
of seven days. There was however, a lot of variat ion in the number of 
eggs laid by different females during t he i r l i f e time. The maximum number 
of eggs laid by a single female was 4,800, while the minimum recorded was 
2,900 (Table No. 2 ) . This seems to be the maximum number recorded so far 
in the array worms. Ayyar (1940) described several batches of 200-300 eggs 
in S^ . maurit ia. without mentioning the to t a l number of eggs laid by a single 
moth. In another species S^ . exempts. the maximum number of eggs recorded 
for a s ingle female was 682 (Taylor, 1931). Hattingh (1941) in the same 
Species recorded only 110-463 eggs. Jacobson and Blakeley (1959) in army 
cut-worm put the po ten t i a l i ty of the female between 1,000-2,500 eggs. Pond 
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(I960) in the army worm, P,. unlpuncta. recorded over 1,400 eggs from a 
female. 
(Vii) Pre-imaginal stages 
Egg stage (Figs. 136 £ 137) 
The egg of S^ . mauri t ia . is rounded in appearance, light cream in 
colour having 0.45 nvra. diameter. The chorion is thick and r e t i c u l a t e . 
The surface by which the egg is attached to the substratum is f l a t . VVhen 
freshly laid i t looks like a pearl with blue i r r id i sence . The top of the 
egg is l ight red coloured. No change was noticed in i t for 3-5 hours. 
After 9-12 hours the red colour was part ly replaced by green. As the time 
advanced the red colour was completely replaced by green colour which later 
on turned to yellowish green. A few hours before hatching, the dark brown 
head of the developing larva became v i s ib le through the egg chorion. The 
incubation period (Table No. 1) under laboratory condition (temperature 
30*^ 0 + 1°C; R.H. 80% + 5%) was 30-40 hours duration while in the field 
i t became 32-48 hours. 
The fully developed embryo pr ior to the hatching, was found exhi-
b i t ing s l igh t movement within the chorion. At the commencement of hatching, 
the larva cut open a s l i t in the upper one th i rd portion of the s h e l l . 
The ent i re process of eclosion took 22-34 minutes (Table No. 3 ) . 
The egg which remained unfer t i l ized could be easily identif ied due 
to the i r unchanged green colour. Such eggs fai l to hatch. The female which 
was not allowed to copulate, laid the f i r s t batch of eggs af ter 3-4 days 
af ter the emergence. The t o t a l number of unfer t i l ixed eggs were never more 
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than a few hundred. These eggs never hatched. U g i n b i l l (192P) also 
reported that females of Spodoptera fruqiperda. may lay eggs without 
copulation. 
Larval stages 
F i r s t ins ta r larva (Fig. 138). the «ewly hatched larva is of 
l ight cream colour with dark brown head which af ter few hours turns black. 
The prothoracic dorsum and the last abdominal segment are dark brown. The 
body is covered with long, black setae whose bases are dark brown. The 
thoracic legs and five pairs of prolegs on abdominal segments 3-6, as well 
a s , on tenth segment are qui te conspicuous. As the larva advances i t s 
colour changes from light cream colour to l ight pale and ultimately 
yellowish green. The length of the f i r s t ins ta r larva ranges from 
0.8-2.0 ram. The duration of the f i r s t ins ta r under laboratory condition 
varies from 45-70 hours and in the fields from 55-80 hours (Table No. 1). 
Under laboratory conditions the f i r s t ins ta r larva almost immedia-
t e ly a f te r hatching, s t a r t s feeding on empty egg s h e l l . I t also feeds 
on egg yolk oozing out from damaged egg. Luginbill (1950) in L.fruqiperda. 
Shorey et al (1962) in T. n i , and David and Gardiner (1962) in P. bra-
ss icae have also recorded the f i r s t ins ta r larvae eating the i r egg she l l s . 
The habit of feeding on egg shel l helps the larva to t ide over considerably 
the period of non-avai labi l i ty of food (Table No. 4 ) . 
The f i r s t ins tar larvae af ter consuming the contents of the 
vacated egg shel l climb up on the top of the rearing tube and congregate 
there without showing much a c t i v i t y . After the long res t the larvae move 
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out in search of food, and s t a r t feeding on i t in groups. The larva 
never chews the en t i re leaf but feeds only the epidermal part of the 
leaves. 
Second ins ta r larva (Fig. 139). The second ins tar larva 
d i f fers considerably frora the f i r s t i n s t a r . The colour of the head capsule 
becomes light orange. The prothoracic dorsum and the dorsum of last 
abdominal segment have traces of dark brown pigments. The general body 
colour is d i s t i nc t ly yellowish green. The setae are shorter and integu-
ment around the i r bases are less pigmented. There is an unpaired dull 
white dorsal streak (Stk,) running mid-longitudinally throughout the 
length of the abdomen. Bes ides , i t , a pair of s imilar ly coloured but less 
d i s t i nc t sub-dorsal streaks (Stkp) run l a t e ra l to the dorsal s t reak. The 
second ins ta r larva measures from 2.8-3.2 mm. The duration of the second 
stadium under laboratory condition varies frora 30-50 hours and in the 
f ields from 30-55 hours. The larva feeds on the epidermal, as well as , 
cortex of the leaf. It s t i l l exhibits the tendency to feed in groups. 
Third ins ta r larva (Fig. 140). The th i rd ins ta r larva is of 
l ight green colour. I t s head is l ight cream coloured. The setae are 
generally very short except those on prothorax and the last abdominal 
segment, which are s t i l l long. The ventral surface of the larva is light 
yellow. The dorsal (Stk ) i s d i s t i nc t ly white . The sub-dorsal streak 
(Stkg) i s also white in colour. The pleuron of the abdomen possesses 
three pa ra l l e l streaks on each s ide . These may be distinguished as l a t e r a l , 
sp i racular and sub-spiracular s t r eaks . The l a t e ra l streak (Stk«) running 
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j u s t above the level of the spiracles is f a in t . The red coloured spiracular 
s t reak (Stk^) connecting the adjacent spi racles begin to appear in ninth 
and e ighth abdominal segments. The extensive dull white coloured sub-
spi racular s treak (Stkg) runs below the level of the sp i rac les . 
The body length of the th i rd ins ta r larva varies from 5.4-6.0 mm. 
The duration of the larva under laboratory condition varies from 40-50 
hours; whereas, in f ield i t is 45-60 hours. The larva s t i l l feeds on the 
surface of the leaves but makes occasional cuts along i t s margin. 
Fourth ins ta r larva (Fig.141). The fourth Instar larva is a 
mixture of yellowish green and grass green. The head capsule is light 
brown. The crochets of pro legs are pinkish. The dorsal streak (Stk,) 
is dull white . The sub-dorsal s treak (Stk^) is dull white in i t s posterior 
half whereas, the anter ior half is l ight yellow coloured. The l a te ra l 
s treak (Stko) which is very narrow is ind i s t inc t in the thoracic region. 
The spiracular streak (Stk^) is crimson red in colour, qui te clear in 
poster ior half of the abdomen (broadest in abdominal segments 8-6), less 
c lear in the anter ior half of the abdomen and undeveloped in the thoracic 
region. The prominent sub-spiracular streak (Stkc) is complete, being 
broad and yellowish white in colour. The body length ranges from 10.0-11.2 
mm. The duration of the fourth ins ta r larva under laboratory condition 
varies from 42-66 hours while in the fields i t is 44-68 hours. The fourth 
Ins ta r larva makes cuts along the margin of the leaves and is capable of 
consuming even the veins of the tender leaves. I t tends to feed in the 
lower part of the plant in the day time while at night i t may climb up 
on the p lant , "Diat is perhaps the reason why they remain undetected in 
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the f i e ld . 
Fifth Ins tar larva (Fig, 142). The fifth ins tar larva is 
yellowish green with the ventral surface l ight yellow and the head brown. 
The dorsal s t reak is l ight pink coloured. The sub-dorsal s treak i s 
l ight yellow coloured. The pink coloured broad spiracular streak is 
complete, extending from ninth abdominal segment to the prothorax. Sub-
spi racular streak is dull yellow, not clear ly dist inguishable from the 
colour of the ventral surface. The l a t e ra l streak has become obsolete 
but i t s place seems to be taken by the developing black coloured ' lunules ' 
(Lun) which are segraentally arranged. "Diese lunules are well developed 
generally in eighth and ninth abdominal segments and less d i s t inc t in 
other segments. 
The fifth ins ta r larva measures from 16.0 - 20.0 mm. The duration 
of the f if th ins ta r under laboratory conditions varies from 56-72 hours 
while in the fields i t is 59-78 hours. The larva mostly feeds during the 
night while in the day time i t conceals i t s e l f under loose so i l or debris . 
Sixth ins ta r larva (Fig. 143). The sixth ins tar larva is 
yellowish brown with ventral surface yellowish pink and the head dark brown. 
The dorsal streak is dull white with pink t inge in i t . The sub-dorsal 
s treak is of l ight yellow colour. Lunules (Lun) are very clear and seg-
raentally arranged. The spi racular streak is broad and brick red coloured. 
Sub-spiracular streak is l ight yellow having pink t inge in i t . 
The length of the sixth ins ta r larva measures 35-40 mm. The 
duration of the stadium under laboratory conditions varies from 80-116 
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hours while in the fields it ranges from 87-132 hours. 
The larva feeds mostly during night while in day time it remains 
hidden under loose soil and debris. It is a ferocious feeder and capable 
of eating every part of the plant. It consumes about 1.5-3.0 gms of food 
in twenty-four hours. The larva chops off the seelings, thereby, raising 
the whole paddy crop to the ground. 
The entire larval period excluding the 'prepupal* period under 
controlled conditions varies from 12.2-13.7 days; whereas, in the fields 
with maximum temperature 36 C and minimum 26 C it ranges from 13.3-19.7 
days. In certain instances, the larvae were observed to moult 1-2 times 
more, This is, however, regarded as abnormal behaviour. Satterthwait 
(1933) has recorded 6-8 instaits in the larvae of Aqrotis ypsilon Rott. 
Pond (I960),under normal conditions, has found only six instars in 
armyworm Pseudalatia untpuncta. However, in larvae which were alternately 
starved and fed for twentyfour hours each, he recorded seven instars. 
Shorey et al (1962) have reported 5-7 instars in the larvae of Trichoplusia 
nXH., maintained under different conditions. 
When the last instar larva has attained its maximum size it stops 
feeding. It climbs down and rests for 4-6 hours in the debris. After 
the long rest it starts searching for suitable place for pupating. After 
finding one, it burrows 3/4" - 1 /2" deep Into the soil and by twisting 
and turning, it presses the earth away from its body from all sides thus 
forming a shallow cavity in the soil. The larva now starts spinning silken 
thread with which it closes the open end of the cavity. In the laboratory 
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conditions the place of pupation may be detected due to i t s l i t t l e raised 
posit ion from the level of the s o i l , which when touched tends to collapse. 
In the f ie ld , the place of pupation is normally undetectable due to the 
overgrowing grasses and other vegetat ions. 
After the formation of the earthen cocoon the larva s e t t l e s down. 
The colour turns pinkish brown with ventral surface l ight pink. The 
length of the larva is reduced considerably varying from 24,0-28.0 mm. 
Prepupal stage (Fig. 144) 
At the end of the larval stage the las t ins ta r larva transforms 
i t s e l f in such a manner that i t does not resemble the larva at a l l . . For 
the sake of convenience th is condition of the las t ins tar larva is called 
'prepupal s t a g e ' . Jacobson and Blakeley (1959)in armycut-worra, Chorizaq-
r o t i s aux i l i a r i s G., and Brown and Swaine (1965) in African Arrayworra 
§.• exemota. have also mentioned a 'prepupal ' period. Shorey et a l (1962) 
have also reported a 'prepupal ' stage in T. ni_. 
The prepupal stage is the greatly shrunken form of the last Instar 
larva and measures 20.0-23.0 mm which is about half of the maximum length 
of the fully grown larva. The prepupa displays deep intersegmental grooves 
which give I t an annular appearance. The colour of the body is very light 
brown. The lunules and streaks have almost lost the i r i d e n t i t i e s . The 
abdominal pro legs get shrunkened considerably. The abdomen presents a 
tapering look. This stage las ts for 11-16 hours. Same in the fields 
ranges from 13-20 hours. 
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Pupal stage (Fig. 145) 
At the end of the prepupal period the dorsum of the prothorax 
s p l i t s raid-longitudinally. This is followed by the s p l i t t i n g of the 
vertex region of the head capsule into two ident ica l halves. Simultaneously, 
the s p l i t t i n g in the prothorax is continued into the mesothorax and 
metathorax. Synchronizing with the s p l i t t i n g pulsatory movements take 
place in the prepupa due to which the last larval moult s t a r t s descending 
down slowly and gradually. The poster ior extremity of the 'pupa' within 
the prepupal cast rotates thus helping in the removal of the moulting 
from i t s body. This casting off of the last larval cast is completed in 
4-8 minutes. 
The head, appendages and thorax of the newly formed pupa is of 
l ight green colour. The remainder of the body is l ight pink. The venter 
of the pupa is s t i l l l ighter in colour. After 10-12 minutes, the f i r s t 
three abdominal terga become light brown. The colouration of the res t of 
the segments also changes gradually and in 25-35 minutes af ter the pupal 
formation the en t i re abdomen becomes light brown. In 30-40 minutes, the 
appendages (including the wings) which remained loose t i l l now get 
perfect ly adhered to the body, Upto this s tage , the colouration of the 
thorax is s imilar to that of the appendages. After 45-50 minutes of i t s 
formation, the pupa becomes hard. After 80-95 minutes the appendages, 
head capsule and thorax s t a r t becoming brown and in 110-125 minutes the 
whole pupa becomes dark brown. The length of the pupa varies from 16-18 mm. 
The pupal period under laboratory conditions las ts for 6.0-7.3 days while 
in the fields i t is 6.2-8.3 days. Fletcher (1914) reports 10 days pupal 
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period, while Ayyar (1940) records pupal period last ing 10-15 days in 
f i e ld s . 
The l i fe-cycle takes 22.0-29.8 days under controlled conditions; 
whereas, in fields i t ranges from 23.5-33.4 days. Ayyar (1940) records 
30-40 days for completion of the l i fe cycle of S. maurit ia. under field 
condi t ions. 
( v i i i ) Emergence of the adult 
Shortly before emergence of the adul t , the pupa underwent rotatory 
movement. This was followed by swelling of the abdomen which may be 
a t t r ibu ted to engulfing of a i r by the pupa. This caused rupture of the 
pupal moult along the dorsal l ine of the thorax which provided a passage 
for adult to emerge out. 
The newly emerged adult rested for some time and la ter on ejected 
few drops of thick, reddish brown fluid from the anus. The pad-like 
wings took about half an hour to expand to the i r normal size thereby, 
enabling the adult to resor t to act ive l i f e . 
( ix) Longevity and sex r a t io 
The longevity of S^ . mauri t ia . was determined in three sets of 
experiments. In the f i r s t , twenty pairs of adults were kept in twenty 
rearing ja r s and allowed to feed and copulate. The longevity of males 
and females fed and allowed to copulate ranged from 4-8 days and 6-10 
days respect ively. In the second experiment, twenty males and twenty 
females were kept separately in forty rearing j a r s . Each was fed regularly 
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but was not allowed to copulate. The longevity of males and females in 
such cases ranged from 7-13 days and 6-15 days respectively. In the 
third experiment, twenty males and twenty females were captivated separately 
and no food was given to them. The longevity of male and female in such 
cases was 2-3 days and 2-4 days respectively. 
The females slightly outnumbered the males in the sex ratio. Under 
laboratory conditions the ratio was observed to be 82 males for every 100 
females. 
(x) Dyar's law 
The s ix larval ins tars in the l i fe -h is tory of ^ . maurit ia. were 
confirmed with the help of Dyar's law (Table No. 5 ) . For th is purpose, 
the head width of ten larvae of each ins tar was taken and the i r means 
ca lcula ted . By dividing each observed width by the width of the head of 
the preceding ins ta r , the r a t i o of increase in each ins ta r was determined. 
The average of such ra t ios came to 1.623. The approximation between the 
observed and calculated head widths of the ins ta rs is so close that there 
was almost no chance for any ins ta r being overlooked. 
The Dyar's law has been successfully applied by Alam (1952, 1957) 
in S^ . deesae and Metaphycus taxi A., and by Dhillon (1966) in A. proxima 
( a l l Hyraenoptera). Akbar (1958) in L. varicornis (Hemiptera) and Beri 
(1961) in Plute l la maculipennis C. (Lepldoptera) have also found Dyar's 
law appl icable . Mayers and Sabers (1944) are doubtful about i t s use in 
Prodenia erldania Cr. (Lepidoptera). Pond (I960) in P.. unipuncta (Lepido-
p t e r a ) , without applying Dyar's law reported that larvae reared at two 
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different temperitures (65.0°F and 70.7 F) may show slight difference in 
the measurement of head width for each instar and If reared at still lower 
temperature (62.7 F) there is not only much difference between the head 
width but the larvae moult seven times instead of six. David and Gardiner 
(1962) In P.. brassieae (Lepidoptera) on the other hand reported that in 
the culture maintained uiider laboratory conditions over a wide range of 
temperature, there were always five larval instars with essentially the 
same head capsule width at each temperature. 
Food selection behaviour of fully grown larva. During the course 
of study, the larvae were observed feeding on a variety of plants belonging 
to the family Graminae including wild and fodder grasses, as well as, 
cultivated graminaceous crops. However, the larvae under normal conditions 
confined themselves to a few of them (Dactyloctenium aeqyptiuro (L.) Beauv., 
Orvza satlva L.. Bothriochloa pertusa A. Camus., Cynodon dactvlon Pers.. 
etc.) as if exercising degree of preference. This encouraged the present 
writer to carryout experiments on food selection behaviour under controlled 
conditions (Temperature 30°C + 1°C; R.H. 80% + 5%). 
First Experiment 
In the first experiment (Table No. 6) leaves of sixteen different 
plants belonging to the family Graminae were selected. These were placed 
separately in sixteen glass jars (8" x 4"), each containing five grams, 
with their open end covered with muslin cloth. Two days old fully grown 
larvae were preconditioned (temperature 30 C + 1 C; R.H. 80% + 5^) and 
starved for twelve hours. Five such larvae were released in each jar for 
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twentyfour hours and during th i s period fresh supply of five grams of 
foliage were made af ter every eight hours. The remains of the old food 
were weighed to find out the actual amount of food consumed by the larvae. 
The to t a l quantity of food eaten in twentyfour hours were noted. This 
experiment showed that none of the sixteen kinds of leaves remained un-
touched and that some kind of food preference had been exercised. The 
most preferred food plant being Dactvloctenium aeovptium (L.) Beauv., 
(makra grass) and the least preferred food plant being Panicum s p . . (wild 
g ras s ) . 
Second Experiment 
The second experiment was carr ied out in two s tages . I t was 
designed with a view to record the preference of food by the larvae,when 
the best preferred foods were simultaneously made avai lable to them. 
F i r s t stage (Graph No. I ) . In th i s experiment eight best 
preferred food plants were selected and each weighing ten grams were kept 
in duplicate sets along the periphery of a glass trough of 15" diameter. 
The arrangement was such that each type of foliage has i t s duplicate placed 
a t the opposite pole. Two days old fully grown larvae, which were pre-
conditioned and starved as in the f i r s t experiment, were used. Forty such 
larvae were l iberated in the centre of the experimental trough for a period 
of eight hours. At the end of the experiment i t was observed that the 
order of preference of food remained the same but the larvae were found to 
concentrate the i r feeding mainly on two food p l an t s , namely Dactvloctenium 
aeqyptium (L.) Beauv., and Oryza sat iva L. Other four p lan ts , Bothriochloa 
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PfiElJasa. A. Camus., Cynodon dactvlon Pers.. Paspalidium flavidum A.Camus.. 
and Zea mays L., respectively came next In order of preference. The 
remaining two plants, Panniseturo tvpholdes Stapf and Hubb., and Triticwm 
aestlvum L., remained untouched by the larvae (Table No. 7). 
Second stage (Graph No. II). In the second stage, the best 
preferred four plants were selected, namely £. aegvotium. Q.. sativa. B_. 
pertusa. and C. dactvlon. Ten grams of leaves of each were kept in 
duplicate sets along the periphery of the glass trough of 15" diameter. 
The arrangement here also was made in such a manner that each type of 
foliage has its duplicate placed at the opposite end. IWenty fully grown 
larvae which were preconditioned and starved as in the first stage were 
liberated in the centre of the experimental trough. At the end of eight 
hours experiment, it was observed that C. dactvlon and B. pertusa were 
least preferred, whereas, £. aeqytium and 0. sativa were consumed in 
maximum (Table No. 8 ) . Consequently, it can conveniently be deduced that 
the preference of food was in the following orders: D^ . aedvptium. 0.sativa. 
C. dactvlon and B. pertusa. 
Keeping in view the entire set of experiments it can be concluded 
that D_. aeqyptium. is best preferred as food by the fully grown larvae of 
^. mauritia. Its next best choice of food is 0^ . sativa. These results 
coincide with the behaviour of the fully grown larva in the fields. 
The present writer has observed that in the fields the fully 
grown larvae are also guided by the condition of the food plants (fresh 
green leaves, old green leaves and old leaves). In other words, young 
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maize seedlings were preferred by the larvae over old paddy plants. 
Similarly, young and tender leaves of P.. flavidum were preferred over, 
old plants of B. pertusa. 
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TABLE 2 . Showing number of eggs laid by s ingle females of 
S. mauri t ia . 
J 
No. of 1 
female | 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
T : 
Day : 
2,300 
3,100 
2,150 
2,008 
2,000 
2,450 
2 ,815 
3,500 
2,250 
2,125 
Number 
I I : 
Dax_ ' 
500 
520 
680 
505 
520 
900 
845 
520 
510 
540 
of 
I I I 
Day 
265 
300 
350 
200 
305 
710 
600 
385 
445 
400 
eggs 
IV 
Day 
200 
200 
195 
106 
235 
266 
201 
l5o 
210 
174 
l a id 
V '. 
: Day : 
235 
230 
200 
81 
170 
167 
196 
157 
164 
181 
VI : 
191 
185 
-
-
72 
— 
83 
88 
90 
53 
VII 
Day 
-
60 
-
-
49 
-
-
60 
-
1 
i 
^ 
Total 
3.691 
4,535 
3.635 
2,900 
3.302 
4,542 
4,740 
4,800 
3.729 
3,473 
Average - 3,934 eggs/female 
TABLE 3. Showing eclosion period under laboratory conditions 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
i 
i 
i 
Time of 
movement 
side n 
8.30 
8.45 
9.10 
9.05 
9.15 
9.22 
9.24 
9.30 
9.42 
9.56 
f i r s t 
in-
le egg 
a.m. 
a .m. 
a .m. 
a.m. 
a.m. 
a.m. 
a.m. 
a .m. 
a .m. 
a.m. 
1 
1 
i 
Time of e> 
larva frc 
sh< 
8.55 
9.07 
9.40 
9.40 
9.49 
9.50 
9.56 
10.03 
10.08 
10.20 
cist of 
>m the 
i l l 
a.m. 
a .m. 
a.m. 
a .m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
a.m. 
' the 
egg i Eclosion period 
25 
22 
30 
25 
34 
28 
32 
33 
26 
24 
minutes 
minutes 
minutes 
minutes 
minutes 
minutes 
minutes 
minutes 
minutes 
minutes 
Average eclosion period 28 minutes 
TABLE 4. Showing effect of consumption of egg shell on 
longivity of first instar larva of S.mauritia, 
(Temperature 30^0 + lOC; R.H. 80% ± 5%). 
S.No, i Longevity of larva fed I i on she l l i 
Longevity of larva not 
fed on egg shel l 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
51 hours 
52 hours 
50 hours 
58 hours 
57 hours 
54 hours 
60 hours 
57 hours 
62 hours 
53 hours 
59 hours 
61 hours 
54 hours 
60 hours 
56 hours 
51 hours 
58 hours 
52 hours 
55 hours 
54 hours 
50 hours 
42 hours 
40 hours 
52 hours 
51 hours 
46 hours 
42 hours 
49 hours 
50 hours 
48 hours 
42 hours 
40 hours 
45 hours 
52 hours 
45 hours 
47 hours 
44 hours 
46 hours 
43 hours 
48 hours 
TABLE 5. Showing application of Dyar's Law on S.mauritia . 
Larval i p„, i>. j v »j 4j*». i^„ - - ^ ^ Heasured head 
instar \ Calculated head width (average) ^^^^^ (average) 
I Instar 0.304 mm 0.304 mm 
II Instar (0.304 x 1.623) = 0.493 mm 0.480 im 
III Instar (0.493 x 1.623) = 0.800 mm 0.799 mm 
IV Instar (0.800 x 1,623) = 1,298 mm 1.335 mn 
V Instar (1 .298x1.623)= 2.106 mm 2.013 mm 
VI Instar (2 .106x1.623)= 3.418 mm 3.421mm 
TABLE 6. Food s e l e c t i o n behaviour of the fu l l y grown larva of 
S. mauritla. 
EXPERIMENT 
S.No.I^J**^!' 
Food plants J Weight(in gns) of 
Botanical name 
Common ifoliage consumed in 
Name 124 hrs.by 5 larvae 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
(A) 
(B) 
(C) 
(D) 
(E) 
(F) 
(G) 
(H) 
( I ) 
(J) 
(K) 
(L) 
(M) 
(N) 
(0) 
(P) 
Bothriochloa pertusa A. Camus. 
Cenchrus ciliaris L. 
Cynodon dactylon Pers. 
Dactyloctenium aeqyptium (L.) Beauv. 
Elusine indica Gaertn. 
Eraqrostis pilosa Beauv. 
Hordeum vulqare L. 
Oryza satlva L. 
Panicum sp. 
Pannisetum typhoides Stapf and Hubb, 
Paspalidium flavidum A. Camus 
Saccharum officinarum L. 
Setaria tomantosa (Roxb) Kunth. 
Sorghum vulqare Pers. 
Triticum aestivum L. 
Zea mays L. 
grass 
grass 
doob 
Makra 
Millet 
grass 
Barley 
Paddy 
grass 
Bajra 
grass 
Sugarcane 
Phularwa 
Jawar 
wheat 
Maize 
12.75 
3.10 
12.50 
14,25 
2.75 
2.60 
3.00 
13.25 
2.50 
4.90 
10.80 
2.55 
3.50 
4.00 
6.60 
9.50 
TABLE 7. Food selection behaviour of the fully grown larva of 
S.. maurltia. 
EXPERIMENT - TT 
(First Stage) 
S.No. I ^ °f i Food plants 
I Weight (in gms) of 
J foliage consumed in 
i 8 hrs. by 40 larvae 
1 
2 
3 
4 
5 
6 
7 
8 
(D) 
(H) 
(A) 
(C) 
(K) 
(P) 
(0) 
(J) 
Dactyloctenium aeqyptium (L.) Beauv. 
Oryza sativa L. 
Bothriochloa pertusa A. (^mus. 
Cynodon dactylon Pers. 
Paspalidium flavidum A. Clamus 
Zea mays L. 
Trtticum aestivum L. 
Pannisetum typhoides Stapf and Hubb, 
15.6 
12.0 
3.4 
3.0 
2.0 
1.0 
n i l 
n i l 
Total amount of foliage conSHraed/8 hours 37.0 gms, 
Arrangement of Food 
TABLE 8. Food selection behaviour of the fully grown larva of 
S. mauritia. 
S.No. 
1 
2 
3 
4 
Total 
1 Code 
J N o . 
(D) 
(H) 
(A) 
(C) 
amount 
EXPERIMENT - IT 
(Second Stage) 
1 
i Food plants 
i 
Dactyloctenlum aegyptium (L.) Beauv. 
Oryza sativa L. 
Bothriochloa pertusa A. Camus 
Cvnodon dactvlon Pers. 
of foliage consumed/8 hours 
1Weight(In gms) of 
ifoliage consumed in 
18 hrs.by 20 larvae 
10.5 
8.2 
0.9 
0.6 
20.2 gms 
/ A 
\ ^ 
C 
D 
D 
C 
H \ 
A J 
Arrangement of food 
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PUTE - I 
Head 
Fig. 1 Anterior view of head. 
Fig. 2 A portion of head capsule showing the course of trans-parietal 
suture. 
Fig. 3 Posterior view of head capsule. 
Fig. 4 Inner view of the oral fossa. 
Fig. 5 T.S. of head capsule passing through antennal sockets, frontal 
gadglion and anterior tentorial pits. 
Fig. 6 Sucking pump with muscles seen through dorsal Incision. 
ArcPoc, articular concavity in the postocciput; Asoc, antennal socket; 
at, anterior tentorial pit; d,, proximal articular process of scape; 
E, eye; For,, upper foraaen; For^, lower foramen; FrClp, frontoclypeus 
FrGng, frontal ganglion; Ga, galea; Ge, gena; HR, hypophryngeal ridge; 
Hyph, floor of the sucking pump; Lb, labium; Ibsoc, labial socket; 
Ifr, laterofacial ridge; Ifs, laterofacial suture; Un, labrum; UBM, 
median lobe of labrum; IrAsoc, lateral rim of antennal socket; lumSP, 
lumen of sucking pump; 0, ocellus; oph, ocular diaphragm; os, ocular 
suture; OSc, ocular sclerite; pf, pylifer; Phy, pharynx; Poc, posto-
cciput; pos, postoccipital suture; PT, posterior tentorial arm; pt, 
posterior tentorial pit; SP, sucking pump; St, stipes; TB, tentorial 
bridge; TrPrtls, trans-parietal suture; Vx, vertex; 8,16, 17, 18, 19, 
20, 21 and 22 muscles described in text. 
9-Bid 
Z -6!^ 
I Bid 
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PUTE - II 
Head (Contd.) 
Fig, 7 Sagittal section of the head capsule. 
Fig. 8 Dorsal view of the tentorium and labrum. 
Fig. 9 Lateral view of basal portion of antenna. 
Fig.10 Dorsal view of antennal socket. 
Fig.11 Proximal rim of scape. 
Fig,12 Distal rira of scape. 
Fig. 13 Proximal rirn of pedicel. 
af, antennifer; ArcPoc, articular concavity In the postocciput; Asoc, 
antennal socket; AT, anterior tentorial arm; at, anterior tentorial 
pit; d..proximal articular process of scape; d«, inner surface of the 
articular process of scape; e,. anterior knob of the distal rim of 
scape; Cg. posterior knob of the distal rim of scape; Ephy, epipharynx; 
fj, anterior knob of proximal rim of pdicel; f^ i posterior knob of 
proximal rim of pedicel; fc, food canal; Fl, flagellum; fm, food 
meatus; For,, upper foramen; For^, lower foramen; FrClp, frontoclypeus; 
FrGng, frontal ganglion; Ga, galea; Hyph, floor of the sucking pump; 
Lb, labium; UbPlp, labial palp; Ifs, laterofacial suture; Im, labrum; 
LmM, median lobe of labrum; IrAsoc, lateral rim of antennal socket; 
lumSP, lumen of sucking pump; Oe, oesophagus; Pdc, pedicel; Pf, pylifer; 
Phy, pharynx; Poc, postocciput; PT, posterior tentorial arm; pt, pos-
terior tentorial pit; Sep, scape; SID,salivary duct; Slv, salivarium; 
St, stipes; TB, tentorial bridge. 16, 17, 18, 19, 20, 21, 22 and 23 
muscles described in text. 
PLATE I I 
Fig. a 
PUTE - IIT 
Head (Contd.) 
Fig, 14 Inner view of the lateral half of head showing muscles. 
Fig. 15 Outer view of the maxillae. 
Fig. 16 T.S. of a portion of head passing through stipes. 
Fig. 17 T.S. of a portion of head passing through proboscis base. 
ArcCd, articular concavity of cardo; ArkGe, articular knob of the gena; 
At, anterior tentorial arm; at, anterior tentorial pit; Cd, cardo; 
CdStf, line of flexion between cardo and stipes; d^ t inner surface of 
the articular process of scape; f,, anterior knob of the proximal rim 
of pedicel; f^, posterior knob of the proximal rim of pedicel; fc, 
food canal; Fl, flagellum; FrClp, frontoclypous; Ga, galea; Ge, gena; 
lb, labium; Lbsoc, labial socket; Ifr, laterofacial ridge; Ifs, latero-
facial suture; Un, labrum; lumSt, stipital lumen; MxPlp, maxillary 
palp; or, occipital ridge; Pdc, pedicel; PT, posterior tentorial arm. 
pt, posterior tentorial pit; R,, cuticular inflexion separating the 
stipes and galea; ILt cuticular inflexion of the galea; Slv, salivarium; 
Scap, scape; St, stipes; StAp, stipital apodeme; Stm, membranous stipes; 
Stt, tubular stipes; Sttf, flexion in the wall of tubular stipes; StVlv, 
stipital valve; Tnt, tentorium; 1, 2, 3, 4, 5, 6, 7, B, 9, 10, 11a, lib, 
12, 23 muscles described in text. 
PLATE III 
Fij . lS 
Fig-17 
BUTE - IV 
Head (Contd.) 
Fig. 18 T.s. of proboscis in the region of 'knee bend'. 
Fig, 19 T.S. of proboscis taken distal to the 'knee bend'. 
Fig. 20 T.S. of proboscis taken close to the t ip. 
Fig. 21 L.S. of t portion of the last segment of the labial palp. 
Fig. 22 T.S. of the last segment of the labial palp at distal tip. 
Fig. 23 Inner view of labium. 
Fig. 24 Outer view of the floor of the sucking purap. 
ArkGe, articular knob of the gena; cvx. cervix; db, dorsal bar; dch, 
dorsal chamber; dpi, dorsal plate; dsm, dorsal septum; dw, dorsal wall; 
end, endocuticle; exc, exocuticle; fc, food canal; gc, gland cell; 
HR, hypopharyngea1 ridge; Hyph, floor of the sucking pump; iSet, inner 
trichoid sensilllum; IwGa, inner wall of galea; Lb, labium; lumPlp, 
lumen of the labial palp; meh, median chamber; mR, median carina; Nv, 
nerve of the labial palp; nu, nucleus; nv, nerve of galea; oSet, 
outer trichoid sensillium; owGa, outer wall of galea; Phy, pharynx; 
rLbPlp, proximal rim of the labial palp; S, spine; SCI, sensory cell; 
ScPlp, sensilla coeloconica of the labial palp; ScSP, sensilla coelo-
conica of the sucking pump; Sept, sensory pit; tr, trachea; vh, ventral 
linkage; vch, ventral chamber; vsm, ventral septum; vw, ventral wall. 
13, 14, 15 muscle described in text. 
PLATE 
Fig. 24 
PUTE - V 
Thorax 
Fig. 25 Ventral view of cervical selerites with a portion each of 
head and prosternum. 
Fig. 26 Anterior view of protergum (patagium of one side removed). 
Fig. 27 Anterior view of prothorax. 
Fig. 28 Lateral view of prothorax. 
Fig, 29 Ventral view of prothorax. 
Fig, 30 Foreleg. 
Fig. 31 Proximal rim of forecoxa with muscles. 
Fig. 32 Trochantero-femoral articulation. 
Fig. 33 Femoro-tibial articulation. 
ap, apophyseal pit; ArcPoc, articular concavity in the postocciput; b — b , ima-
ginary line separating the coxa in anterior and posterior halves; Be, basicosta; 
Bex, basicoxite; Bs,, probasistemum; Btar, basitarsus; BtArk, articular knob 
of basitarsus; cv, cervical sclerite; cvA, anterior bar of cervical sclerite; 
cvP, posterior bar of cervical sclerite; Cx,, forecoxa; CxArc, coxal articular 
concavity; CxArkD, distal articular knob of coxa; CxC , procoxal socket; Epp, 
epiphyses; Fm, femur; FnArc, femoral articular concavity; FmArkL, lateral 
articular knob of femur; Fs,, profurcasternura; luraCx,, lumen of procoxa; mlgs, 
median longitudinal groove; mvr, raidlongitudinal ridge; mvs, midlongitudinal 
suture; Par, parapatagium; Pg, patagium; PI., propleuron; PI.a, dorso-lateral 
plate of the propleuron; PljP, ventral plate of the propleuron; Poc, posto-
cciput; PT, posterior tentorial arm; pt, posterior tentorial pit; Ptar, 
pretarstts; SA, sternal apophyses; Scs, sternacostal suture; Spg* first thora-
cic spiracle; Spls, sternopleural suture; spn, spina; Spnp, spinal pit; 
Se, spinasternum; T.A, lateral arm of protergum; Tar,tarsomere; '^ S'e* ^^st 
tarsomere; TB, tentorial bridge; Tb, tibia; TbArkL, lateral articular knob 
of tibia; Tn, trochantin; Tr, trochanter; TrArkD, distal articular knob of 
trochanter; TrArkP, proximal articular knob of trochanter; T S, protergal 
stem; 44, 45, 46, 47, 48, 49, muscles described in tent; 56, 37, 58, tendon 
of muscles described in text. 
•TbArtiL 
Fig. 27 
Fig-32 Fig. 33 
PUTE - VI 
Thorax (Contd.) 
Fig. 34 Dorsal view of pretarsus. 
Fig. 35 Ventral view of pretarsus. 
Fig. 36 Inner view of lateral half of head and prothorax with muscles. 
Fig. 37 Inner view of lateral half of head and prothorax with muscles. 
Fig. 38 Inner view of lateral half of head and prothorax with muscles. 
Fig. 39 Foreleg with muscles. 
Fig. 40 Foreleg with muscles. 
Fig. 41 Dorsal view of the thorax. 
Fig. 42 Antero-dorsal view of a portion each of protergum and mesotergum. 
acs, antecostal suture; Al, alula; ANP; anterior notal wing process; Ar, aroliun; 
arc, areus; AxC., first axillary cord; AxCj, second axillary cord; Axf, axillary 
fissure; Btar, basitarsus; cv, cervical sclerite; cvA, anterior bar of cervical 
sclerite; cvP, posterior bar of cervical sclerite; Cx,, forecoxa; Dpi, dorsal 
plate of pretarsus; Fm, femur; Fs., profureasteraura; IT, first abdominal tergum; 
kM, median knohr of dorsal plate; mn, manubrium; of, oblique fissure; PANP, pseudo-
anterior notal wing process; Pg, patagium; IPh, first phragma; Pl,a, dorso-
lateral plate of propleuron; PKp, ventral plate of propleuron; Poc, postoccipnt; 
PNj, postnotum-1; PN*. postnotum.3; PNP, posterior notal wing process; Pra, 
prealar arm; PrsArc, articular concavity in the prescntum; Prscjf raeso-prescutum; 
Ptar, pretarsus; Pv, pulvillus; rM., first secondary groove; rTarg, distal 
rim of the last tarsomere; s, sensory seta; SA, sternal apophysis; Scl«, meso-
scutellum; Scl,, metascutellum; Sctn. mesoscutum; Sct^, metascutum; spn; 
spina; Ss, spinasternum; t, tendon; T.A, lateral arm of protergum; Tar, tarso-
mere; Tare, last tarsomere; TB, tentorial bridge; Tb, tibia; Tg, tegula; 
Tfa, tegular process; Tn, trochantin; Tnt, tentorium; Tr, trochanter; 
ts , presutal suture; T.S, protergal stem; Un, claw; Ur, unguifer; Otr, ungui-
tractor; vs, scutoscutellar suture; 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 
35, 36. 37. 38, 39, 40, 41 .42. 43, 44, 45, 46, 47, 48, 49, 50, 51. 52, 53, 54, 55, 
56, 57, 58, 59, 60. 6la, 6lb. 73A. muscles described in text. 
l » Bid l»Btd 
PUTE - VII 
Thorax (Contd.) 
Fig. 43 Lateral view of raesothorax. 
Fig. 44 Inner view of lateral half of mesothorax. 
Fig. 45 Ventral view of the thorax. 
Fig. 46 Inner view of ventral half of thorax. 
Fig. 47 Dorsal view of meso-endosternwn with coxa. 
Fig. 48 Middle-leg. 
Fig. 49 Inner view of the lateral half of mesothorax with muscles. 
aes, antecostal suture; AEps, anepistemum; ANP, anterior nota] wing process; 
ap, apophyseal p i t ; Ba, basalare; BaAp, basalare apodem; Be, basicosta; bes, 
basicostal suture; Bs. , probasistarnum; Bs^t mesobasistemum; Bs.,, metabasi-
ternum; Btar, basitarsus; Cxg, middle coxa; CxArc, coxal articular concavity; 
CxCj, procoxal socket; Cxfi^ t mesocoxal socket; CxC„,metacoxal socket; CxDArk, 
distal articular knob of coxa; Cxg, coxa genuina; CxM, mesal margin of coxa; 
CxP, pleural articulation of the coxa; Emp2t mesoepimeron; Epnu, metaepimeron; 
Epsg. metaepisternum; FA, furcal arm; Fm, femur; Fs,, profurcasternum; 
Fs2< mesofurcasternum; KEps, katepistemum; mb, intersegmental membrane; 
Her, meron; mi, carina of the basisternum; mvr, midlongitudinal ridge; mvs. 
aidlongitudinal suture; Pa, postalar bridge; PANF, pseudo-anterior notal wing 
process; PEps, pre-episternum; Per, ridge of the preepisternal suture; IPh, 
f irs t phragma; 2Ph, second phragma; Pla, root of pleural apophysis; Plr, 
pleural ridge; Pis, pleural suture; PNp, post-notura-2; PNP, posterior notal 
wing process. Pra, prealar arm; Ptar, pretarsus; PWP, pleural wing process; 
rMj, rMn, rM«, secondary grooves; SA, sternal apophyses; Sa, subalare; sArk, 
sternal articular knob; Scljt raesoscutellum; Scr, sternacostal ridge; Scs, 
sternaeostal suture; Sct^i mesoscutum; Splr, sternopleural ridge; Spls, 
sternopleural suture; spn, spina; Ss, spinasternum; TA, tegular arm; Tar, 
tarsomere; Tb, t ibia; Tbs, t ibial spur; TP, tegular plate; Tr, trochanter; 
Trf, transverse fissure; Tr8, ridge of trans-epistemal suture; Trs, trans-
eplsternal suture; vr, scutoscutellar ridge; vs . scutoscutellar suture; 
Wmb, wing membrane; 62a, 62b, 66a, 66b, 66c, 66d, 66e, 72, 73A, 98a, 98b, 
muscles described in text . 
PLATE VI 
Fig. 
Fig. 
Fig . 
Fig. 
Fig. 
Fiq. 
Fig. 
50 
51 
52 
53 
54 
55 
56 
PUTE - VIII 
Thorax (Contd.) 
Inner view of lateral half of raesothorax with muscles. 
Inner view of l a te ra l half of raesothorax with muscles. 
Middle trochanter with muscles. 
Dirsal view of metathorax. 
Median s a g i t t a l section passing through metathorax. 
Dorsal view of metapostnotum. 
Dorsal view of secondary extension of metathoracic postnotum 
(postnotum removed). 
a,, first metathoracic fissure; a^. second metathoracic fissure; Ac, antecosta; 
acs, antecostal suture; Al, alula; ANP, anterior notal wing process; AxC^, 
second axillary cord; b,, median arm of the secondary plate of postnotum; 
h^t lateral arm of the secondary plate of postnotum; Ba, basalare; BaAP, 
basalare apodeme; Be, basicosta; c,, membranous portion of the secondary 
postnotum; c^ t median septum of the secondary postnotum; Cxg, coxa genaina; 
dApTr, dorsal apodeme of trochanter; FA, furcal arm; Fsn, mesofureasternum; 
mb, intersegmental membrane; Mer, meron; Pa, postalar bridge; PANP, pseudo-
anterior notal wing process; PEps, preepisternum; IPh, first phragma; 2Ph, 
second phragma; 3Ph, third phragma; Plr, pleural ridge; PN^, postnotum-2; 
PNg, postnotum-3; PNP; posterior notal wing process; Pra, prealar arm; 
Prsc^, metaprescutum; ScU, mesoscutellum; Sclq. metascutellum; Sct^, meso-
scutum; Sct«, metascutum; SctB, scutal bridge; SctL, scutal lobe; Ss, 
spinasternum; IT, first abdominal tergum; tf, prescutal fissure; ts, pre-
scutal suture; vApTr, ventral apodeme of trochanter; vr, scutoscutellar 
ridge; vs, scutoscutellar suture; 63, 64, 65a, ^ b , 67, 68a, 68b, 69a, 69b, 
69c, 70,71, 73. 74, 75, 76. 77, 78, 80, 81, 82, 83, 84. 87a, 87b. 92. 110. 
152, muscles described in text. 
PLATE VIM 
FI9. 56 
PUTE - IX 
Thorax (Cotitd.) 
Fig. 57 Lateral view of metathorax. 
Fig. 58 Inner vi«v of l a t e ra l half of metathorax. 
Fig, 59 Inner view of a portion of metathorax showing tympanal pockets. 
Fig. 60 Dorsal view of meta-endosternum with coxa. 
Fig. 61 Hind-leg. 
Fig. 62 Inner view of l a te ra l half of metathorax and a portion of abdojnen 
with muscles. 
Fig. 63 Inner view of l a te ra l half of metathorax with muscles. 
a . , f i r s t raetathoracic f issure; Ac, antecosta; ANP, anter ior notal wing pro-
cess ; ap, apophyseal p i t ; b , , median arm of the secondary p la te of postnotum; 
hot la te ra l arm of the secondary p la te of postnotum; Ba, basalare; BaAP, basa-
lare apodeme; BaPd, basalare pad; Be, basicosta; bcs, basicosta l suture; 
Bsg, raetabasisternum; Btar, bas i t a r sus ; c , , membranous portion of the secondary 
postnotum; Cx-, hind-coxa; CxArc, coxal a r t i cu l a r concavity; CxDArk, d i s t a l 
a r t i c u l a r knob of coxa; Cxg, coxa genuina; CxP, pleural a r t icu la t ion of coxa; 
Epm-, metaepimeron; Eps«, metaepisternum; EpsPl, episternal p la t e ; EpsPt, 
epis ternal pocket; FA, furcal arm; Fm, femur; Fs«, metafureasternum; h, 
tympanal hood; iLp, inner la te ra l process of second abdominal sternum; Ip, 
l a t e r a l process of neural p la t e ; Mer, raeron; mvr, midlongitudinal r idge; np, 
neural p la t e ; NScl, nodular s c l e r i t e ; oLp, outer l a t e ra l process of second 
abdominal sternum; PI, PII , dorsal tympanal pockets; P H I , PIV, ventral tym-
panal pockets; 3Ph, th i rd phragma; PLA, pleural apophysis; Pla, root of the 
pleural apophysis; P l r , pleural r idge; Pis , pfleural su ture ; PNg, postnotura-3, 
Pra, prealar arm; Ptar , pre tarsus ; PWP, pleura ' wing process; r . , r^, r« , r . , 
rg , secondary grooves, of the metathorax; rp, f lap- l ike ridge of the f i r s t 
metathoracic groove; IS, IIS, f i r s t and second abdominal s terna; SA, s te rna l 
apophysis; Sa, subalare; sArk, s te rna l a r t i cu l a r knob; ScU, metascutellum; 
Scr, s terna-costa l r idge; Scs, s ternacosta l suture; Se t , , metascutum; SctB, 
scu ta l bridge; SctL, scutal lobe; ISp, f i r s t abdominal sp i rac le ; Sp-, second 
thoracic sp i rac le ; Splr, s terno-pleural r idge; Spls, s ternopleural suture; 
IT, IIT, f i r s t and second abdominal terga; Tar, tarsoraere; Tb, t i b i a ; Tbs,, 
Tbs2i f i r s t and second t i b i a l spur; Tmb, tympanic membrane; Tr, t rochanter; t r , 
prescutal r idge; t s , prescutal suture; vr , scutoscute l la r r idge; vs, scuto-
s c u t e l l a r suture; Wmb, wing membrane; 85a,85b,86,88,90,91,92,93a,93b,93c,95, 
97a,97b,98,99,101,107,108,109,120,123,124, muscles described in t e x t . 
PLATE IX, 
PLATE XI 
MT 1 1 1 _ _ _ i l l 
s '"^ Fig. 70 Fig. 73 
VI T 
Fig. 71 
Fig. 72 Fig.75 
Fig. 76 
PUTE - XII 
Abdomen (Contd.) 
Fig. 77 Inner view of T-IV abdominal terga and pleura with muscles. 
Fig. 78 Inner view of I-TV abdominal sterna with muscles. 
Fig. 79 Inner view of lateral half of male genital ia . 
Fig. 80 Dorsal view of IX and X segment of male with tenth tergum 
partial ly cut to expose the apical portion of the anal pouch 
(stretched out) and the left half of the ninth tergum cut 
open dorsally to expose the basal portion of the anal pouch. 
Fig. 81 Inner view of paramere. 
Ac, antecosta; Aed, aedeagus; AedAp, aedeagal apoderae; AedP, aedeagal pouch, 
am, anterior margin of paramere; An, anus; AnP, anal pouch; atg, acrotergite; 
BP, basal plate: c, d, basal angles of the subtriangular anal pouch; D, dia-
phragraa; da, dorsal area of paramere; Dej, ejaculatory duct; e, vertex of 
the anal pouch; f , f -apices of inverted 'O'-shaped sc l er i t e of tenth sternum; 
g, basal portion of inverted 'U'-shaped sc ler i te of tenth sternum; GP, genital 
pouch; IdPrarl, inner dorsal pararaeral lobe; iLp, inner lateral process of 
second abdominal sternum; IraL, Inflected lateral margin of the ninth tergum; 
IvPmrl, inner ventral pararaeral lobe; 1, serai lunar-shaped sc ler i te of inner 
ventral parameral lobe; la, lateral area of paramere; Ubs, labls; m, septum 
of inner ventral parameral lobe; Mb, segmental-cum-lntersegmental membrane; 
mL, lateral arm of ninth sternum; mP, basal portion of ninth setrnum; n, 
claw-like structure of the inner ventral parameral lobe; odPrarl, outer dorsal 
parameral lobe; oLp, outer lateral process of second abdominal sternum; 
ovPmrl; outer ventral pararaeral lobe; 3Ph, third phragraa; Prar, paramere; 
Prarl, pararaeral lobe; PN„, postnotura-3; Rect, rectum; IS - XS, abdominal 
sterna 1-10; IT - XT, abdominal terga 1-10; Trl, transt i l la; va, ventral 
area of paramere; x — y , imaginary line dividing the paramere into paramere 
proper and parameral lobe; 110, 110a, 110b, 110c, 111, 112, 113, 114, 115, 
116, 117, 118, 119, 122, muscles described in text . 
Fifl.80 
Fig. 81 
PUTE - XIII 
Abdomen (Contd.) 
Fig. 82 Dorsal view of male genitalia (aedeagus removed). 
Fig. 83 Inner view of the lateral half of aedeagus with retractor 
muscle of the endophallus. 
Fig. 84 Inner view of the lateral half of male genitalia with muscles 
Fig. 85 Inner view of VIIT tergum and female genital ia . 
Fig. 86 Inner view of the lateral half of VII and VIII segment and 
external female genitalia with muscles. 
aAp, anterior apodeme; Ac, antecosta; Aed, aedeagus; AedAp, aedeagal 
apodeme; AedP, aedeagal pouch; AnP, anal pouch; Atg, acrotergite; 
Bp, basal plate; bd, bursal duct; bo, bursal orif ice; Dej, ejaculatory 
duct; Enph, endophallus; Gpr, gonopore; Lbs, labis; mL, lateral arm 
of ninth sternum; mP, basal portion of ninth sternum; pflp, posterior 
apodeme; Phtr, phallotreme; PmB, parameral bridge; Pmr, paramere; PmrL, 
parameral lobe; pOvp, pseudo-ovipositor; VIIS - XS, abdominal sterna 7-10; 
VIIT - XT, abdominal terga 7-10; Tl, lateral portion of eighth tergura; Tm, 
v^,ventral plate 
median portion of eighth tergura; Trl, transt i l la; / 125, 126, 127, 128, 129, 
130, 131, 132, 133, 134, 134A, 135, 136, 137, 138, 139, 140, 141, 142, 143, 
144, 145, 146, 147, 148, muscles described in text. 
PLATE XIII 
Fig 83 Fig. 86 
PUTE - XIV 
Internal anatomy 
Fig. 87 Digestive and excretory systems. 
Fig, 88 T.S. of oesophagus. 
Fig, 89 T.S. of a portion of crop. 
Fig. 90 L.S. through the junction of proventriculus and mesenteron 
showing stomodaeal value. 
Fig. 91 T.S. of a portion of mesenteron. 
Fig. 92 L.S. through the junction of mesenteron and proctodaeum 
showing proctodaeal value. 
An, anus; BMb, basement membrane; cmcl, circular muscle fibres; Cr, crop, 
Epth, cellular epithelium; In, intima; Int, intestine; Imcl, longitudi-
nal muscle fibres; ISID, lateral salivary duct; Mai, malpighian tubules; 
Ment, mesenteron; nu, nucleus; Oe, oesophagus; Phy, pharynx; pOvp, 
pseudo-ovipositor; prvent;proventriculus; pvlv, pyloric value; Rect, 
rectum; rg, regenerative cell; rp, rectal papilla; sb, striated border; 
sEpth, syncytial epithelium; SlGl, salivary gland; svlv, stomodaeal valve. 
PLATE XIV 
Epth 
Fig. 92 
PLATE - XV 
Internal anatomy (contd.) 
Fig. 93 T.S. of a portion of i n t e s t i n e . 
Fig. 94 T.S. of a portion of rectum passing through monopapiUar 
type of r ec ta l pap i l l a . 
Fig . 95 T.S. of a portion of rectum passing through d ipap i l l a r type 
of rec ta l pap i l l a . 
Fig. 96 T.S. of sal ivary gland. 
Fig, 97 T.S. of raalpighian tubule . 
Fig. 98 T.S. of abdomen showing sub-divisions of body cavi ty . 
Fig. 99 Median s a g i t t a l section of the body of female showing 
dorsal vesse l , dorsal diaphragm and ventral diaphram. 
Fig.100 Median s e g i t t a l section passing through a portion of meso-
thorax showing mesothoracic aorta and accessory pu l sa t i l e 
organ. 
Fig.101 T.S. of a portion of raesoscutellum showing accessory pu lsa t i l e 
organ. 
aAo, descending aor ta ; Ao, aor ta ; BMb, basement membrane; cmcl, c i rcular 
muscle f ibres ; DS, dorsal s inus; 2Dph, thoracic diaphragm; dl^h, dorsal 
diaphragm; Epth, ce l l u l a r epithelium; FS, frontal sac; Ht, hear t ; iEpth, 
inner epithelium; In, intiraa; Imcl, longitudinal muscle f ibres ; lump, 
pap i l l a r lumen; Ment, mesenteron; nu, nucleus; oEpth, outer epithelium; 
lOst, f i r s t abdominal o s t i a ; 70st , seventh abdominal o s t i a ; pAo, ascending 
aor ta ; 2Ph, second phragma; PN„, postnotum-2; PSh, per i toneal sheath; 
PvS, per iv iscera l s inus ; S, sternum; ScUt raesoscutellum; Sc l , , metascu-
tellura; Sct^, raesoscutum; IS - VIIIS, abdominal sterna 1-8; sb, s t r i a t ed 
border; sEpth, syncytial epithelium; IT - VIIIT, abdominal terga 1-8; 
T, tergum; Te, septum; ThOst, thoracic os t i a ; VNC, vent ra l nerve cord; 
VS, ventral s inus; vDph, ventral diaphragm; vr, scutoscute l la r r idge; 
vs , scutoscutel lar su ture ; 66a, 66b, 66c, 66d, 66e, 149, 150, muscles 
described in t e x t . 
Fig 68 ii Fig. 69 
PUTE - XI 
Abdomen. 
Fig. 70 Inner view of lateral half of abdomen with muscles shown in 
two segments. 
Fig. 71 Outer view of IV and V abdominal terga. 
Fig. 72 Inner view of I-TTI abdominal terga with metapostnotum. 
Fig. 73 Inner view of VII and VIII abdominal terga of male with muscles 
Fig. 74 Inner view of lateral half of VI-VIII segment and external 
female genitalia. 
Fig. 75 Inner view of I-IV abdominal sterna. 
Fig. 76 Inner view of VII and VIII abdominal sterna of male with 
muscles. 
aAp, anterior apodeme; Ac, antecosta; acs, antecostal suture; an, anus; 
atg; actotergite; Bcpx, bursacopulatrix; bd, bursal duct; bo, bursal 
or i f ice; iLp, inner lateral process of second abdominal sternum; Is, lateral 
sc lerot ic plate of eighth sternum; oLp, outer lateral process of second 
abdominal sternum; opr, oviporous; pAp, posterior apodeme; 3Ph, third 
phragma; PNg, postnotum-S; IS-VIII S, abdominal sterna 1-8; IT - VIII T, 
abdominal terga 1-8; ISp, f irst abdominal spiracle; VIISp, seventh abdo-
minal spiracle; Tl, lateral portion of eighth tergum; Tm, median portion of 
eighth tergum; 110a, 110b, 110c, 111, 112. 113, 114, 115. 116, 117, 118, 
119, 121, 122, 129, 130, 131, 132, 133, muscles described In text . 
PUTE - X 
Thorax (Contd.) 
Fig. 64 Inner view of lateral half of metathorax with muscles. 
Fig. 65 Hind-trochanter with muscles. 
Fig, 66 Forewing 
Fig, 67 Forewing base in relation to tergal margin. 
Fig. 68 Hindwing 
Fig, 69 Hindwing base in relation to tergal margin. 
lA, First anal vein; 2A, second anal vein; Al, alula; ANP, anterior notal 
wing process; lAx, f irs t axillary sc ler i t e ; 2Ax, second axillary sc ler i t e ; 
3Ax, third axillary sc ler i te ; 4Ax, fourth axillary sc l er i t e ; AxC., f irst 
axil lary cord; AxCp, second axillary cord; Ba, basalare; BaAp, basalare 
apodeme; Be, basicosta; C, costa; Cs, costal sc ler i te ; Cu., cubitus-,t 
Cuja, cubitus-.a; Cu.b, cubitus-.b; Cxg, coxa genuine; D, discal ce l l ; 
dApTr, dorsal apodeme of trochanter; FA, furcal arm; fm, frenulum; HP, 
humeral plate; M,, media-.; IHUt raedia-j; M-, media-g; m, median plate of 
hindwiiigi ™'f »"", median plates of forewing; m-cu, medio-cubital cross 
vein; m-m, medial cross vein; Mer, meron; mvr, midlongitudinal tidge; 
np, neural plate; PANP, pseudo-anterior notal wing process; PLA, pleural 
apophysis; PNP, posterior notal wing process; Pra, prealar arm; PWP, 
pleural wing process; 8, radius vein; R., radius-,; R .^ radius-„; IL, 
radius-o; R^ f radius-^; Rg, radlus-g; Rs, radial sector; r-ra, radio-
medial cross vein; Sa, subalare; Sc, subcosta; Sc + R, subcosta-cum-
radius; Sc+R,, subcosta-cura-radius-,; Scl«, metascutellum; Sct^t meso-
scutum; Sctot metascutura; vApTr, ventral apodeme of trochanter; 89, 94, 
96, 100, 102, 103, 104, 105, 106, 107, muscles described in text . 
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Grap .h 11 -
Adult (Male) 
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Second ins ta r larva 
Third ins ta r larva 
Fourth ins ta r larva 
Fifth ins ta r larva 
Sixth ins ta r larva 
prepupa 
pupa 
Food select ion by larva. 
Food selection by larva. 
Lun, lunule; Stk, , dorsal s t reak; Stkg, sub-dorsal s t reak; Stk_, 
l a t e r a l s t reak; Stk>, spiracular s t reak; Stkg. sub-spiracular streak, 
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PUTE - XX 
Internal anatomy (contd.) 
Fig. 131 Anterior view of brain and suboesophageal ganglion with thei r 
nerves. 
Fig. 132 General view of nervous system of the female. 
Fig. 133 Dorsal view of nervous system in V-VTII segments of male. 
Fig. 134 Storaodaeal nervous system. 
aLNj - alW., anter ior l a t e ra l nerves; AntL, antennal lobe; AntNv, antennal 
nerve; Br, brain; IBr, protocerebrura; IIBr, deutocerebrura; ITIBr, t r i t o -
cerebrum; Ca, corpora a l l a t a ; Cc, corpora cardiaca; CoeCon, suboesophageal 
connective; CoeGng, suboesophageal ganglion; Con, t ransverse connectives; 
Cr, crop; DphN, - DphN., diphral nerves; E, eye; fNv, frontal nerve; frCon, 
frontal ganglion connective; frGng, frontal ganglion; iGng, f i r s t thoracic 
ganglion; 2Gng, second thoracic ganglionic mass; 3Gng - 5Gng, abdominal 
ganglia 3-5; 6Gng, terminal abdominal ganglionic mass; gr, groove; hGng, 
hypOjDharyngeal ganglion; LbNv, labial nerve; LraNv, labral nerve; LN» - LN-, 
l a t e r a l nerves 5-8; MdNv, mandibular nerve; Ment, raesenteron; MN - MN., 
median nerves 1-4; MxNv, maxillary nerve; '^i-'^7i thoracic nerves 1-7; N^, 
nerve for the f i r s t abdominal segment; Ng, nerve for the second abdominal 
segment; N,a, anter ior branch of f i r s t thoracic nerve; N.p, poster ior branch 
of f i r s t thoracic nerve; Oe, oesophagus; ONv, ocel lar nerve; OpL, optic 
lobe; PcNv, paracardiac nerve; pLW, - plM^t poster ior l a t e ra l nerves 1-4; 
pOvp; pseudo-ovipositor; rNv, recrurrent nerve; SoeGng, suboesophageal 
ganglion; IS - VIIIS, abdominal sterna 1-8; UN; unpaired nerve of the 
male; VNC, ventral nerve cord. 
PLATE X(X 
Fig 128 
Fig. 130 
PUTE - XIX 
Internal anatorav (contd.) 
Fig. 123 T.S. of spermathecal gland. 
Fig. 124 T.S. of spermathecal reseriroir. 
Fig. 125 T.S. of spermathecal duct. 
Fig. 126 T.S, of bursal sac. 
Fig. 127 L.S. of a portion of bursal duct. 
Fig. 128 T.S. of ductus seminalis of female. 
Fig. 129 T.S. of accessory gland of female. 
Fig. 130 T.S. of the reservoir of accessory gland of female. 
BMb, basement membrane; cmcl, circular muscle fibres; £pth, cellular 
epithelium; In, intima; nu, nucleus; Seer, secretions; sEpth, 
syncytial epithelium. 
PLATE XVni 
Fig. 122 
PUTE - XVIII 
Internal anatomy (contd.) 
Fig. 115 T.S. of common duct of accessory gland (second portion) 
Fig. 116 T.S. of common duct of accessory gland ( th i rd portion) 
Fig, 117 T.S. of common duct of accessory gland (fourth portion) 
Fig. 118 T;S, of ejaculatory duct. 
Fig. 119 Female reproductive system. 
Fig, 120 L.S. of a portion of ovar io le . 
Fig. 121 T.S. of larteral oviduct. 
Fig, 122 T.S. of vagina. 
Bcpx, bursacopalatr ix; bd, bursal duct; BMb, basement membrane; bs, bursal 
s ac ; Cho, chorion; cracl, c i rcu lar muscle f ibres ; dGl, common duct of 
accessory gland of female; Epth, ce l l u l a r epithelium; Epth,, fo l l icu lar 
epithelium around oocyte; Epth^i fo l l i cu la r epithelium around nurse c e l l s ; 
Gl, accessory gland of female; Grra, germarium; In, intima; Imcl, longitu-
dinal muscle f ibres; NrCl, nurse c e l l ; nu, nucleus; Ode, common oviduct; 
Odl, l a t e ra l oviduct; Ooc, oocyte; OP, lamina dentate; opr, oviporous; 
Ovl, ovariole; pOvp, pseudo-ovipositor; PSh, peri toneal sheath; ResGl, 
reservoir of accessory gland; sd, ductus seminalis; sEpth, syncytial 
epithelium; Seer, secre t ions ; SptD, sperraathecal duct; SptGl, sperma-
thecal gland; SptR, spermathecal reservoi r ; Vag, vagina; Vtl, v l ta l la r ium, 
yalk, yolk. 
PLATE XVII 
Fig^4 
P U T E - XVII 
Internal anatomy (contd.) 
Fig. 108 Male reproductive system. 
Fig. 109 T.S. of a portion of testis. 
Fig. 110. T.S. of a portion of vas deferens 
Fig. Ill T.S. of a portion of the duct of seminal vesicle. 
Fig. 112 T.S. of a portion of accessory gland of male. 
Fig. 113 T.S. of reservoir of accessory gland of male. 
Fig. 114 T.S. of common duct of accessory gland (first portion). 
AcGl, accessory gland of male; Aed, aedeagus; Bej, bulbus ejaculatorious; 
BMb, basement membrane; CdAcGl, common duct of accessory gland; cmcl, 
circular muscle fibres; Cst, sperm cyst; Dej, ejaculatory duct; dVsra, 
seminal duct; Epth, cellular epithelium; Fol, testicular follicle; 
iEpth, inner epithelium; nu, nucleus; oEpth, outer epithelium; PSii, 
peritoneal sheath; ResAcGl, reservoir of accessory gland; Seer, secre-
tions; s^th, syncytial epithelium; sm, septum; Spd, spermatids; 
Spg, spermatogonia; Spz, spermatozoa; Tes, testis; Vd, vas deferens; 
Vsm, seminal vesicle; 1, first portion of the common duct of accessory 
gland; 2, second portion of the common duct of accessory gland; 3, third 
portion of the cormnon duct of accessory gland; 4, fourth portion of common 
duct of accessory gland. 
PLATE XVI 
Fig.106 Fig. (07 
PUTE - XVI 
Internal anatowv (contd.) 
Fig. 102 Inner view of first thoracic spiracle. 
Fig. 103 Outer view of second thoracic spiracle. 
Fig. 104 Outer view of second abdominal spiracle. 
Fig. 105 Inner view of second abdominal spiracle. 
Fig. 106 Dorsal view of respiratory system of the female. 
Fig. 107 Dorsal view of respiratory system in the IV-VIIl segments 
of the male. 
Aap, atrial aperture; al, anterior lip; D,, dorsal cranial trachea; ^^'^A' 
dorsal thoracic tracheae; Da, anterior branch of dorsal abdominal trachea; 
DL,, dorso-lateral cranial trachea; DLTra, dorso-lateral abdominal trachea; 
Dp, posterior branch of dorsal abdominal trachea; DTra, dorsal abdominal 
trachea; dh, dorsal hinge; dp, dorsal process; fa, filter apparatus; L , 
horse-shoe-shaped loop; Lcom, lateral commissure; LT, lateral trunk; le, 
lever; m.. a^. mesal branches of wing base trachea of forawing; m^ ,, m., mesal 
branches of wing base trachea of hind wing; pi, posterior lip; pOvp, pseudo-
ovipositor; IS-VIIIS, abdominal sterna 1-8; Spap; spiracular aperture; Spr, 
spiracular rim; t,, transverse basal trachea of forewing; t^* transverse 
basal trachea of hindwing; tg, genital trachea; tga, anterior branch of 
genital trachea; tgp, posterior branch of genital trachea; V.,ventral cranial 
trachea; IL, ventral thoracic trachea; \L, common branch of the mesal branches 
of the transverse basal trachea of forewing; V., common branch of the mesal 
branches of the transverse basal trachea of hindwing; Va, anterior branch of 
the ventral abdominal trachea; Vcom, ventral commissure; Vcom,, anterior 
ventral commissure; Vcom«, posterior ventral commissure; VL,, ventro-lateral 
cranial trachea; VLTra, ventro-lateral abdominal trachea; vlv, valve; vp, 
ventral process; VTra, ventral abdominal trachea; vTra, visceral abdominal 
trachea; W,, anterior wing base trachea of forewing; W^, posterior wing base 
trachea of forewing; W«, anterior wing base trachea of hindwing; W-, posterior 
wing base trachea of hindwing; 1,dorsal cranial air sac; 2,dorso-lateral 
cranial air sac; 3, ventro-lateral cranial air sac; 4, prothoracic air sac; 
5, patagial air sac; 6,7, dorsal air sac; 8, lateral air sac; 9, ventral 
air sac; 10, tegular air sac; 151, 152, 153, muscles described in text. 
